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AllaSnt , 

I horjao. m 1953 fijoxdee f5rber»dasde f&rsBk irsd hifini&om^ i tjSrasnd* 
.fcaledningen h&riill *sr* att d6t vieai dig at&rt att i& gfcda bojWiingsre^ 
aultat med gScgae banraetcder vld prjfrlwarxningar i tjajggmdan 1 AiWttetta* 
rfidet i Canada* TjSrssndeii Br d&r mjuk ceh klibbigi ?ari8fr Ae& ^Baie* j& 
borrstangi3mB och ban f& desea att f astna* 

EfStmb oCTnlngffine todm gfaille eliinlQ&*a d^aaa avfirigheteir och deaetttam iaa*« 
ha eVk kofe«6x after eig ecm atatlU fBaMfxira borrh&ldt ett ilyta igsa* 

gbnstiuktlQiaen laxSjmborrgi ^ 

BrStafccatfet hestSr i etcrt aett as i» bor^idarieka *&r* tribetdaa f8*t&$at~ 
"barn 1 sin ottq da] raadelsi pacMx^nr odh 1 tiedb* d^lfin on te^fi^ckrona. med 
6 at- ayrnar* Hen yttxe temalan fir fBar lu£ ttlllfOreel* dan n&tttta gea eeh 
cantrtmtonalen for uppmigning ct renbrgad saaad* B&la dsfiaa ejTpaiatttar sgnkaa 
med en vise inststlld haatighat loedalat in utv&llisg as**** air ea slek&ariafc 
motor* Genoa en aim ^tv^ilaga^fenigfrRtt tsrtde* eig te&^cwei frssa 

och iter l/B tart* 

BrSnnborreia krona och rursn Ira nErniaai detea &r tilWeika&e av eldhMrdlga 
ot&l t apparatuxen 1 ftndgt i t&egarat ©t&l» itet**iali^hli*^t ligger 1 teBm* 
hbxxkronah dllr temp* blir h8g ea» 9C0°G« Sanaa ddl tt&ate aSterligen tillY^rkaa 
1 Kantal eller Farncat far att hfilla und** en I8ng3?e til ♦ Efte* *a 2 tiwaar 
har dyeh&len b&r jat cStta igen eig p4 gstmd e* flagging f»&i gedeet* 

yargSbsreeultat « 

P& gzuod sv ervSrighBter att f& hit tJEreond ftsfin A*te&^&» amBades earn 
tjaraeni aom titLvettadae fBr da f State fBBrbawdEnfiiaii jyrolyef &re65a&a i 
Hjtl^andagropan*. 3CTCnansattnlngen inecr 4i5 ?ikfcG$ 2&»%eck* U#? tlkt^ -tfi^ 
ol^a frSa Braxtticrp 1 och 84 Tiktsjb g jBeex^L* 

Den TOTTinwla honhaatlgheteni ecm lottde erh&llaa, taSr e& 9 ocy^i datta Yid 



Gtedee ^jtzhkfa&etigbdtan p& fcaSanaisau apssulter^la testis i att teadaii iftta hma 
Tfcr&siss tei och tiU ei&i eiad fcjpgite^ j& fecfcfeai tit *&Ui« ©*s«&m till deft 
12ga e juiildieetighatsSt iota* Hgga i fararteeaa tyqikai l&ga ti5wl«d^i%t*8imlga* 
Sa^dkorneii h§ftar gfinia seameai rid daft hcga tomperattiMil <&h kaa && inie BUgsa. 
ttpp 1 eugkanal«m 

J8r ait && >attra xsmltat m&aia BSksTligtn essden radar ojSitft %ra^ingift 
©tfksA b*&A<rtsa makaniakt, ttatrc^Sbis ttd an d«| twtt&ti p| , bt^^}jii^«t< 
I>e* km o*ks& i&tkaa* att ten^ftjriwntt tftail *a» WeetSart «jf«Sa&t fcBg» rfL at* 
ktrart?sand*n halt emSliea ttcdan tch \&Mmt an tSgg &T fctaftta* Da teemAoTtt- 
toatodar, aem 1 .vinta fall assies tiieartmliig t h&tdaw t»tgeflrte*# H&st* 
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KALKTL FOR LINS-METODEN . 



A tt Kostnaden for att tillfoya berget en mil j on BTU , 

Varroe tillfores berget genom fdrbrSnning av gas med luft i br2nnare v ned~ 
satta i borrhal a Ett stort antal kombinat loner av hSlavatlmd, br&nnareffekt 
och bz&xmtid Mr tSnkbara, I kalk-rlen nedan forafcsattes att ungefiLr de f8r~ 
h&llandsn, sosi rider i Santa«Cruz-faitst tillMmpas * 

Friser -och loner, g£Llande i Calif ornisi fdr n&rvarande, har anv'dnts* R&ntan 
p§. investerat kapital antaa vara 5 % per Sr och underhfillakostnaderna f t5r 
utruetning 4 % per Sr<> Utrustningens livslSngd Sr bed&nd frin fall till fall, 
* Drifttiden per kslendar&r antas bli 7900 tixnmar (90 % availability)* 

1. -BoriMlet , 

Borrning (inklusive rbrs^ttning), 6b fot a 0,35 $ 21.00 $/hItl 

ftnborrning och uppdragning av ytterrBret after 

driftpariodens slufc^ 60 fot a 0,35 $ ' 21.00 n 

Gesientering runt gasrUret 2 o 00 « 

Montagearbete (anslutning till ledningsnat far 

brMnsls och pyrolysgas) 2,00 n 

Andel i koatnad for termomaterhil (©tt dylikt 

behtfva f«r 20 - 100 brMnnarhfil) ^ i^qq tt 

Svnmna ^ j^p /bSl 

Antalet borrhfil per acre beror p& h&lavstSndet, Eftersom 57 • 10^ ? BTU * 
skall tillforaa per acre (inklusive vteaerdrluster lipp&t och ned&£>. er~ * 
hSlles: 

HSlavetand, fot 8 
hSl per acre 790 
borrhSlakostnad, $&cxe 38*000 



#/lO 6 BE0 0,665 



10 


15 


20 


500 


223 


126 


at. 000 


10.700 


6.000 


0,420 


0,188 


0^106 



2„ RSren. 



Dst har visat Big att roran kan upptagaB och anvMndaa anyo. 3 ars genom- 
8 ^ o g li ' 78laiI g d ant ages. ZtterrSret antages vara av 5 % C r , 0,5 % Mo. 
1,5 % Si - kvalitet. ' . 

20 fot gaarBr (ol&g.) a 0.80 $ 16.00. $/hSl 

60 fot ytterror (leg.) a 2.50 $ 150.00 !" 

Sunnaa 166i,00 S/h&l 

Per driftfcbmne antages btfannaren kunna inmata 25.000 BTU, varTdr koBtnaden 
tlir vmsd ranta, tmderhall och avskrivning) 0,0083 Vdrifttimms * 
° 0,332 $/ld*BTU 0 9 . 



3» Anaatur, fasta ledningsn£t m«nu 

Andel i fasta rornat Tor tillforael av 

brans le cck bcrtforsel av pyxolyspradulctar 15«00 $/h£l 

koppHngar, vantilsr etc« 5*00 w 

20,00 g/h£L 

. F<5r cessa poster raknae med 10 &rs avskrivningstid, varfor kostnaden bUr 
0,017 $A0 BTU , 



Br&nnaren* 



Brlinnaren kostar, inklusive nedLedningartfr och anslutningsdetaljer 52,00 $/at . 

Den aatas kunna ararSndaa 1 3 &r iaad.en inmatnihg ar 25*000 B TU/drl ft timme 9 
varfctr kostnaden blir 0,096 $/l0 6 BTU „ 

5 Q Kompressorstatioaen o 

6 

En ndlj an BTU, tillfort tjMfsandslagret, motsvarar ca 1,2 • 10 BTU i gasen 
eller 1330 cuft gas av v&metftatet 900 BTD/cuft (aosi gailer f»r sivfcl py~ 
rolys- som naturgas) a Motsvarande luftmSngd Mr 12*000 cnft* Sammanlagt eikall 
alltslt 13 ♦ 330 cuft gag + luffc kamprimeras till 12 p<aig (br&nnaren behSver 
7-10 pslg) 0 Enligfc koinprQSsortlllverkarQ kan man ufcari risk blanda gas cch 

JUfi_XQi^.kG^^ 

kapacttat av ca 600 euft/ain, sara rScker S& 100 br&anare a 25.000 BTU/h<T 
En komplett enhet kostars 

kompressor . 3 o 00O $ 

elmotor (30 hkr) + varvtalsvariator l o 00O $ 

blandninge regulator for gaa « luft 700 $ 

el« och gaoledirLngar, fundament, montage 300 $ 

Summa 5.000 $ 



Denna ©nhot antae ha 10 &rs avskrivningstid, varfBr dsn fasta kostnaden blir 
0,105 8/timne « 0,042 §/l0 6 BTU . 

6 3 KompressordriftQn^ 

Ef f okt fo ib rnkningen for en kempressorstation f»r 100 brftnnare &r ea 18,5 kW, 
soia vid kraftprieet 1,0 cts per kWh motsvarar 0,185 $/diifttinime eller 
0,074 3/10 fa BTU . 



Komproasorstationen kan soras praktiskt taget helautosn&tiBk. Den tillsyn, 
aombehUvs, Inkluderas i ArbetslHner, 



7» Iffner och administration * 

A^etsstyrkan for en lOOO^rtonaraniaggning uppakattas bU 2 dagtidsarfcetara 
Uor undarh&ll) 0 ch X man per atdft (fSr kompressor-, brSnnar- och prapSver- 
vakxangj For borrning erforderlig pafsonal 2r inkluderad i borrkostnaden 3 

arbetare, 40 tiztunar/dy-gn a 2,00 $ 

arbetslsdare Cellar dtiftinganj&r) 

administration, 30 % av lteakostmden 

Summa 

Kostnaden blir aUtoS. 0,200 &/10 6 BTU « 

Sammandrag 
vid hdlavatanda^ 



= 80,00 $/d7gn 
- 20,00 * 
«= 20,00 " 
120,00 S/djgn 



lc Borrhaiet 
2 C RSren 

3- Armatur^ lednin^onat \'\ 
4o Brannaren 
5* S^smpressoratationen 
6„ Kc^pressordrifien 
7,. Itfner och administration 
Suinma 



kostnad I # par 10^ 


tillforda BTtf 




8 f ot 


10 f ot 


' 15 f ot 


20 tot 


0,665 


0,420 


0^188 


0,106 


0,332 


0,332 


0,332 


0,332 


0,017 


0,017 


0,017 


0,017 


0,096 


0,096 


0,096 


0,096 


0,042 


0,042 \ 


0,042 


0,042 


0,074 


0,074 


-0,074 


0,074 


0,200 


0,200 


0,200 


0,200 


1,426 


1,181 


0,949 


0,867 



Aaroarkning a 

Dat har har antagits att faltet ar ajalvfdrsfJrjande med branslegaB. Om 8a 
blir fallet kan tillsatabransle (naturgas) kBpas far 0,50 S/lO 6 BTU„ 



■ B « gi^g- atTlpningen csr tillfdrd mil.lon BTU « 

ffoo^B?^' 1 ^ - J"! pyrol^mperatur atgar. taoretisk t 

^f^fj A^ S ? l * to \ ap 4 vikts - ? blir ^^LnniagBii 0,71 barrel pSr 
Mi^daaO_BTlJ oeh cm oljeutbytet Sr 656, erballes l,0STarr#PrHfe& B-TU, 

i^S^^ff g - 1 '* an f "^anlttliga tjarhalten 8 vikfea-*, varav man 

Snlf U ^ ma fS 1 * 1 50 0011 65 36 Bm 0] J a ' ^ 8»»ii»t8 skull 

raknas bar msd den laare siffran, d.T.s. wd 4 vlkts-jg oljeutbyta , 

I ett enaalsforsBk a> YarmgfSrlusterna till omgivningen mycket etora* Det 
kan maxamatl Girt visas att endast 1,25 % a? det tillfSrda vanast anv&ndes 
f3y verklig pyrolya,, Salunds erhSllea per 10 6 BTU blott 0,0089 barrel . I 
Gnhilsfcrsai: L 3 erholla ca 0,02 barrels per to 6 BTU, men tjarsandsn ?ar 
dar rikaraa (Den del av borrkarnan, sbm kunde tillvaratagas, h811 ea 9& tjSBo 

I att g-lubilsfarsb-k Mr forlusterna till att biJrja mad iika atora Sam i aju 
ssparaxia enhGaTtfrsbTc, men efterhand aom brannarnas eamverkan kommer till 
synss, sj unker f5rluatama, relativt sett, till ett minimum ar ungafar 60 
i» sv dst tillfyrda vtenet. Per 10» BTU erfa&Ues dk oa 0.28 barrels ol^a 0 

Bfter lfing tid flyter de sju br&marnaa -irerkningar ihop till tmgef&r seroma. 
rasuLtat, som skull© erhAllaa msd en enda, aju ganger stSrra brHnnare. JSr- 
luateroa motsrarar da. §ayo fBrhallandena i ett enhalsfdrsBk. 

?«^? ^B f k 4.^2 2, , ^ leaoaanittliga tjarhalten W relativt lag, 7,3 %, er- 
hSllB totalt A ,16 barrels olja per 191° 10° tillfcJrda BTU eiler 0.022 
barrels/lOg BTU. Korraktion till 8 % tjarhalt hSjer siffran till 6,024 
barrele/10 BTU, " 

\-J^™^*f^Y^£$®^ • ^eskriver . de procentuella varaisfUrlus- 

tesna en liknande fcunra scm i en sjuhAlsenhat med den skillnaden att 

h «. l ° 11 ^r' f ^f^ llste ? kon9tan *, si lange faltet kontinuerHgt fortskyjU 
der franat. Vid aTrslutning air ett begransat fait stiger fartustsroa ater 0 

Far tomteahalsfaitet L 8 har det berSknats att' totalt 3400 barrels akulla 

b^i^f ^ 8n <^? Ba JS ag . inr Ua90 ° e 10 BT0 ganomsDittliga tj«r- 

fcalt = 7}3 OljeutvinitLngen skulls salunda bli 0.286 barrelaAo 5 BTU« 
Undsr^dan tid flatgt hade nagotaanSr konstanta dr lrlfgrfaallanden erMis 
ca 0,09. barrels/10 0 BTU 3 ' 

l^J^^f 1 *"***?^?* md kontinuerlig faltflyttning beror rdrluater- 
bt?TSf^f ?n P t I ai ^ r6ddsn °* h vandringanaetigheten. I ett 2000 fot 
^ 1^ 10 fo *^aiOT3tand blir rdrlusterna. ca 35 %, d.v.s. 
oljeutbyte av 4 vifcts-g erbilles 0.46 barrels/lpP BTU. 



vid ett 



?a S,f d \^{}^ a T 18327 sSluilda aU ^ d e * fullstor anlgggning nd 
10 fots haavstSnd tillwkningskostnadan f8r 0,46 barrels olja bUr 1,18 
3, slier Tdr 1 barrel 2,55 S. Dartill skail laggas koatnaden for kondense- 
ring och lagnng, scm i en stor anlaggning Mr blygsam, aag 5 cta/barrel, 

Oljan skulle alltsa kosta, fritt aniaggningen 2 t 60 $/bbl ., 

t?d t^ifit^ ■ bLta f JI silta ' har erhallita 3,11 $/bbl. Den har amUsr- 
siL l^LJtf r^ 2 * 9 fP 0 -^ V 04 * ^ Trad eom kan Vantas fran en fall= 
S^Kf^F (spsc vxkt ca 0,880) varfdr fdraaUningspriset torde bli 

VimS a SL fdr E^ans avavelraning bar ej inkluderata 1 kalkylen, da' den b8r 
S?5^ff kT/ 8 * ^^ .avavlet, far tilket iiigen. kredlSring gjorta. 
Per. m J olja blir enravBlproduktionen av storleksbrdrilngan 30Jcg^ 

Narkes Kvarntorp deh 4 maj 1957 
OVeringenJttr 



and specific heat*, As good determinations are reported in the 
literature, no accurate measurements were made 0 The reported data axe: 
specific heat 0,22 cal/g, P C 

heat conductivity 0,0035 cal/cm, °C,- see. 

specific gravity 2,6 g/cm' 

Measurements in connection with the LIHS model test3 /8 end 9 above/ 
were in agreement with what could he calculated frcm these data* 
11» Preliminary calculations for a LIHS-fleldo 

Fran the data and observations obtained in the above-mentioned 
tests, some fundamental calculations could be made, a summary of which 
is given below,, 

As the oil yield is of utmost importance a comparison is made 
between different, oil recovery methods; The figures for the methods, 
numbered l) to 5) are given by Blair in his * of flcial report and are 
results of semi-commercial testa* The figures for the LMS Method are 
obtained in a small-scale tests and are thus riot fully comparable, which 
must be remembered in the further calculations. 



No. Process sequence 


In-put 
tar as 
tar sand 


Out-put 
gas oil 


of liquid l 
gasoline 


products 
butane 


hot^ater-sep<,Mebydratatibn+ 
+conveirtional coking 


100 bbis 


48 bids 


17 bbis 


1 bbis 


2 hot-water-sep.+fluid-bed 
coking 


loo . 


67 . 


7 




, cold-water-sep.+dehydra'tation+ 
+corwent±onal coking 


100 


57 


17 


2 


^ hot-watei<-sep.-t-fluid-bed 
catalytic coking 


100 


8»30 


7-22 


U 


g fluid-bed coking 
tar sand 


100 


79 


6 


1 


6 the LIHS Method 


100 


52 . 


28 





^ X not detetmined. 
As far as yields concern the LIHS Method thus is promising. 

Another important factor is the heat balance for the process. From . 
the specific heat, specific gravity and iempemture for complete pyrolysis ! 
(750 P) , obtained in the pyrolysis test, combined with some reaction^ j 
kinetic studies) it can be calculated that the theoretical heat need 
will be about 180 BTu/lb of tar sand* Fran ihe experiences in the Ljung- 
strom field at Kvarntorp it can bo leara*t that the actual need will te a i 
little higher, say 220 BTu/lb, because of heat losses to the 
surroundings etc c (These losses are of course relatively smaller the 
larger the field area is.) The heat content of the uncondensable gas, 
liberated from 1 lb of tar sand is about 350 - 400 BTUs. 



In a gas-fired element tube on overall calorific efficiency of 70-75 % 
may be j obtained, resulting In between 250 and 300 BTUs available 

in the rock layers for heating, V/ith the above mentioned gas yield there 
will thus be enough heat available to make the plant self supporting o Even I 
if the gas^ yields in seme districts would be 10-15 % smaller, which \ 
cannot be predicted, there is a margin between fuel production and \ 
consumption!, It may thus be concluded that gas-fired elements would bs the I 
best alternative for heating the tar sand a Also ,the coke combustion method I 
may be possible, but of these two the former has the advantage of not 
effecting at all the quantity or quality of the recovered oil, which the 
coke combustion method may do to some extent. Of course, if also the gas 
has a high market value, the coke should be utilised in the above-mentioned^ 
manner. 

Hole pattern for the heating element* Heat distribution . 
The most conveniaht way to apply the heat is in the shape of vertical 
element tubes, inserted in drillholes, spread over the field. (There are 
methods of supplying heat equally over a laige, horizontal surface, but 
these methods are not suitable for a mineral, like the tar sand, which has 
no horizontal lamination.) The drill-holes shotild be equally distributed 
aver the whole surface. In fig, 4 are shown some different drill-patterns, 
which could be used. In the Ljungstran field at Kvaintorp the hexagonal 
pattern is used. The heating elements are arranged in. the corners of 
each hexagons and the gas outlets are drilled in the centres- For reasons, 
which are mentioned below, it seems possible to combine heating element 
and gas outlet in one unit in the tar sand. In that case the triangular 
pattern will be the most suitable one. 

The heat distribution is slow as well in tar. sand, as in shale. 
The reported heat conductivity of tar sand, 0*0035 c.g.s. units,is 
exactly the same as for the Kvarntorp shale (in horizontal direction). 
Thus the heat distribution around the heating elements will be the same 
in both cases. Ibcact heat transfer calculations are made in Appendix 1 
to this report. Prom this it can be found that if a triangular hole 
pattern with 10 ft hole distance is used and a heating effect, correspon- 
ding to about 1100 BTuAour: and footelement length, is supplied, the 
required temperature, 750°F ? is reached" in every point of the sand after 
about 2400 hours heating (14 weeks). Each element has to heat about 43 
sq.ft of the field area. If drilling or tubing costs are high it might be 
more economical to have a sparser hole pattern correspondingly larger 
heating period for each element. Heating periods of up to one year may not' 



tie considered sj3 in any way abnormal* Also the heating effect supplied xo 
each foot of the element may be changed in order to get an optimum 
combination of drilling coats, element costs, fuel consumption, 
supervision labor, etc. (it may be worth mentioning* that as well, hole 
distance as heating effect in the Ljungstrom field at Kvaxntorp have been 
successively changed in direction towards lower overall costs* ) 
Gas outlets o 

In the shale field the horizontal laminations in the shale layers 
open up during the heating and thus offer suitable flow paths for the 
vapours and gasea* On the other hand the flow in vertical directions is 
more or less restricted^ The gas outlets are therefore drilled through 
the whole shale layer* In the tar sand there exists no lamination and the 
collection of oil vapours and gases thus offered a special problem* The 
tar sand is in itself impermeable but by heating the tar becomes less 
viscous and starts to flow if subjected to gas pressure. When sand is 
heated to pyrolysis temperature the evolved vapours act in three ways to 
facilitate their flow: - 

a) they create a superpressure in the neighbourhood of the element« 

b) they transfer heat to the tar in surroundings 

c) they condense partly in the colder pairts of the rock and the 
condensate acts as a solwent for the tar* forming a less viscous 
solution* , 

As far as smaller model tests have shown it is well possible to take 
out the vapours from any desired point in the field. It is of coilse not 
possible/^tate without experiments in the actual field, that this 
concikision is valid also for laiger distances between the element holes * 1 
It is always possible, however, to collect vapours at the point, 
were they are liberated in the rock* As the. coke left behind ia highly 
permeable for gases it is also possible to arrange the gas holes in such 
a manner that there is an unbroken flow path through "coked!* parts of the 
sand to the holes* This is the case if the gas outlets are arranged 

c ■ - 

concentrically round the element tubes • 
Summary! 

In all respects that have been possible to investigate on a 
laboratory scale and in small model tests -the LIES Method for oil 
recovery from tar sands* The process Vsflli Ibe thermally self-supporting 
and good yields are obtained* The high gasoline content of the obtained 
oil is remarkable* 
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Betrgffanda g asbalanson via ai t,T»q i arilagfoin^ • - % 

I hundrabalsf bracket i Santa Cruz- ^tadta I^OOV 10* B# bch pxoducera- 
dsa 4-429 ♦ 103 kubikfot gas, Efter uppvardhitgens avbiytande liar ytterli- 1 
Bare 50 • 10? kubikfot gas erhallita. Genoa marklackage pch.vid atornihgar., 
i apparatus hat nppakaftningavis ytterligare 500 > id3 kubikfot gas bort- 
g&bt, Tarfor ungefaf 5.000 '. 1 0 3 kubikfot gas torde ha'prdducerata . -Hari ar 
fortfarande e'j inraknat sventuella f Srlus iter WaontSllt tit i bngivande ' 

.. ' :..-;, ! \*w ■• : • - . . .• -.q 

Gasena varmevarde Mr enligt- aHckp^i6tt41^^!'6S^i a ^ 1 .OdoJBTaAubikfoti '. ^ 
Fdloaktligen a'kulle gaaproduktionen mo'tavara^ ca &6^\<\W<> bto ' ellar ca • 
25 # ar branaleforbrukniiigea. ' 'h.s* «'V •. : . " ' ; ' ">.'■,',■ "l\ 

Enligt erfarehheter fxan LjungstromseM^^ ax enargif Br- -. 

brukningen vid ett fait i' lOO-halaakaia ca : H^liter mja t att ""'S 
med 6,5 kWh/litsr olja i den nuvarahde sa^haiainlaggMngen^ Mmkriingen" ''-'A 
aamanMnger .med ainakningen ^;fBrluater . ti]i; iiffigWiiihgeh, dm Banana propbr- 
taoner atxtagaa fialla i tjaraand, yiiket rimligeW -fate, vara fallet, akulle , "'3 
branaleforbrukningan i «tt atort fait f Sr aamma kirahtitet produkter* sdm Br-- ^ 
hBlla i 100-halaforsoket, bin 19.500, . io6 > 6.S s/^OOQ , 1Q 6 g^ ; ; ' /.A* 

Produktionen av 5.000 . 10^ BTU akulle, da tkcka 6a- ^5 f> air branalebehdvet;' • ^\^; K 

.Tjarhelten i foraokafSitet i Santa Cruz ar i gehbmahitt & ?S. -Goautbytet ati- M 
ger x direkt proportion till. tjarhaltan, ^ak^i^i^u en i 5 frig tjar^ 
sand ge . 5 .000 . 9.500 * 1q6 -d V ^Sier In vad aom behovea' fbr ^ 

att g6ra ett Jfalt amvfSraarjanda*,' , v * ' : ' ' > ; }A 
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1. Summary ♦ 

2. Purpose of the testa.. 

3. Taatprogram. 

a. The layout of the testa. 
b„ Eoyf the testa haTa been- run* 
. c. Ho* the results hare "bean evaluated. 

4. Tests in 3 H aasing, 

5. : Testa in 3t" casing. 

6. Tasta in 4 n casing. 

7* Diacuaaioa of the different testa. 
8. Conclusions and suggestions. 



REPORT Q» S IJRifSHTSSTS . 



2 * .Purpose of the taata . 

The purpose of the taata, deacrfibed in this report was, 
aa mentioned intha beginning of ths resort "Proposed sand- 
burner taata" by Robert E.Hslandar, flay 16, 1958, to investigate 
the use of the aandburner in thiakar and deeper formations, 
aa ^ell aa to obtain data for optimum design of burner 
installations . 
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The proposed test program has bean followed as far 
as it has bean passibl * EaweTer* the ^h rfrare IT L ii.-thlq / 

program, £1-5 — ^i-s — r-a^o?^-, T able ^ waa reriaadj when it 

was found in the fir3t testa t that the maasf losrra tea of 
0.269 and 0.342 lb/ft sea. were too high* These rata^ 
were lowered to 0*233 and 0.291 lb/ft see* reap* Table 

In addition to this program soma more testa hara been 
run in order to get mora complete data* or to substitute 
for acme testa which could not be run. Soma teats w«c 
also run with sweetened produced gas inatsad of propane 
in order to determine* if anj rariations aould be dbasrysd 
in the temp* by using different fuel gaata* The changes 
will be described under the different taata* 
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Union Oil Company of California 



RESEARCH DEPARTMENT 
BREA. CALIFORNIA 

May 13, 1959 JES -66 



Mr. M, P. Westfall (3) 
Husky Oil Company 
Cody, Wyoming 

Dr* Gosta Salbmonsson (3) 

Svenska Skifferolje Aktiebolaget 
Vastra Gatan 2 
Orebro, Sweden 



Gentlemen: 

Our laboratory analyst at the Shale Demonstration Plant has completed the 
Fischer assay tests on the 7 core samples submitted by Mr. Bengt Persson 
from the Swedish Process field test at Santa Cruz. The analytical data 
are contained in the attached table. No oil was recovered from any of the 
saniples indicating they were quite well pyrolized in the formation. 

If you need additional copies of the report, we shall be happy to supply 
them. 



.RSC:vb 
Attachment 



Very truly yours, 

John E. Sherborne , Manager 
Production Research Division 



cc/w: R. E. Helander 
B* Persson 
W. J". Shirley 



UNION OIL COMPANY OF CALIFORNIA. 
SHALE DEMONSTRATION PLANT 



OIL SHALE FISCHER ASSAY 
Date of Test: May 7 , 1959 For: E. R. Atkins, Jr. 



Assay Tests, Swedish Process Field Test 
Core Samples from Santa Cruz, California 



Sample 
Number 


Yield, GET 
Date Oil Water 


Oil 
Wt. <f> 


Water 
Wt. i> 


Residue 
Wt. £ 


Gas + 
Loss, Wt. it 






ClA-30-35 


*<~30-59 nil - o.k 


0 


0.15 


99-5^ 


O.jl 


CI? -35-^0 


1.2 


0 


0.50 


99.35 


0,15 


Cll-30-35 


0.1 


0 


0.05 


99.75 


0.20 


C13 -30-35 


0.2 


0 


0.10 


99-55 


0.35 


C9-20-25 


0.1 


0 


0.05 . 


99.10 


O.85 


C13 -25-30 


0.1 


0 


0.05 


99-75 


0.20 


COA-15-20 


0.1 


0 


0.05 


I 

99.5^ 


0A1 



Note: Samples analyzed in condition received 
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SWED ISH EXTR A ! C T-.I-O N P R J) ,C E. S 3 
Santa Cruz, California* 



Operate 2000 burners at 50,000 BTU:s/b-h, using: 3t" OD 
burner casing, 1^ burner tube, 18 ft sandy in an area having 
60 ft 9 % tar sand with 50 ft over burden; Required fuel 
pressure 50 psig. 

Tar l.Acre = 43,560 x 60 >x 115 x *09 = 27,050,760 

Assuming an average gravity at the produced oil of 28,0° API 
6oX.' oil > and an oil recovery of 45 fo by wt, oil recovery per acre 
would be 39,236 bbls . 

Assuming an average gas gravity of ,666* «nj a gas recovery of 
15 7° by wt, gas recovery per acre would be 6 9. '484 MCF . At an 
average heat value (after removal of HgS) of 9^0 BTtf/cu ftj heat 
value of produced gas per acre equal = 75,612^40 x 10 6 BTU 

? 79,906 

Assume 12 'spacing, 124 • 68 ft />ell or 349 wells per acre. 

Heat required/Acre^ 



Heating 
timet hra ) 


Lost heat 


Million 
Pyrolvsia 


BTu"/ Acre 
Total 


Input/ 
• burner 


3500 


15050 


54,886 


69,936 


.57,254 


3590 


15156 


54,886 


70,042 


56,533 . 


4000 


16090 


54.886 


70.976 


50,842 


4368 


16790 


54,886 


71,676 


46,559 



Assume 6 moiftheating time, 
vol. of air- required = 2000 x 50,000 x_J_ 16,667 euft/aim 



r • 10 duller C 300 - 300 H blower retired 100 

Brake horse power/blower = 



Compression ratio = 64.4/l4*4 = 4 k 47./Vol .'/day = 
1700 x 60 x 24 - 2.448 ma cF* 
BEP/mm cX = 245" yf*90 = 272 



Area being heated. = 2000/3*49 = 5*78 Acres. 

Daily gas vol = 69,484- mf/kcre x 5*78 Acres = 2,231 MCF 

30 x 6 

Gas vol/min. = 2,231,000/24 x 60 = 1549 cu ft/mini 

H 2 S contained in gas = 2,231 MCF x -127 = 283*337 cu ft = 
283,337/60 x 24 = 196.76 cu ft/min. 
Sulphur = 196,76 x .08515 = 16*75 *sulphur/min; 
= 16.75 x 7000 = 117,250 grain/min. 



\ 



Engine horsepower = 2721,8 1.96 = 354bhp 



Air Compression, 

I* Investment' 



1. Puller C-300-300H blowers. 

2. Freight 

3. Waukesha VLROBU Engines 
4* Freight 

5- After cooler 

6. Freight 

1. Pedestal hearings, belts 
and sheaves 

8, Concrete 

9* Setting 

Total 



10 

190,000* 
5 

75,0O0jf 
1 

13 i 400 . 



16940 
*4.84/ 

Mh 

cuft 

4.84/ 
cuft 



f l69,400 
9,196 

140,585 
2,640 
7*150 
649 

7,500 
3,000 
7.000 
347,120 



II. Monthly Operating Cost* 

1. Amortization 347,120/12.0 \ 

2. Oil 

3 . ■ Maintenance 

4. Gas fuel 

Total monthly cast 



2,893 
360 
1,736 
8.866 
13,855 



Gas Sweetening and Compression Costs*. 
X. Investment. 

1. Fuller C-30O-30OH blower 

2. Freight 

3. Waukesha LRORBU 
4* Freight 

5. Aftercooler 

6. Freight 
7- Concrete 

8. Labor 

9. Erection and piping 



19000* 
1 

12000 

i 



17240 
*4.84/ 

.3-52/ 



Total 



17240 
920 
13570 
422 
1430 
68 
250 
500 
25000 
119124 



II. Monthly Operation Cost. 

1. Amortization 119,124/120 993 

2. Oil 75 
3« Maintance 596 
4. Gas fluel 1074 

Total cost 2738 

Labor Costs/mo* 

1. Project supervisor 750 

2. Engineer 500 

3. Head burner operator 40 i 4 l/3 x 2*70 468 

4. Burner Operator Wo. 1 40 x 4 l/3 x. 2*54 440 

5. n " Wo. 2 374 ars x 2.35 871 

6. Mainfeaaice man No, 1 2 "x 40 .x 4 l/3 x 2*40 &30 

7. Maintenance man Wo * 2 6 x 40 x 4 l/3 ae 2*18, 2265 

8. Welder Wo . 1 40 x 4 l/3 x 2*75 476 

9. Tester & Chemists Assist* 40 x 4 l/3 x 2*27 393 

\ ' 6993 



Assume an area covering 40 acres - 1320 'x 1320* 

Total vol. of fuel - 16,667 + 1,667 = 18,334 cu ft/mitt* 

Fuel system . 



1. 


16" OD c .188" wall spiral clq d 


3000* 






2. 


2 3/8"OI>,3.75 L.W. T 4 C LP 


2012O' 






3. 


2" couplings 


80 


59.57/100 172 


4. 


2" valves 


80 


15*12 


1210 


5. 


4-" couplings 


4000 


*106L 


424 


6. 


Unions w/orifice plate 


4000 


*3144 


1258 


7. 


f" ells 


4000 


il6 


640 


8. 


t" x 2" nipples 


800O 


;07 


560 


9. 


-j-" unions 


4000 


.15 


600 


10 


rubber hoses 


40000 


*3533 


14132 


11. 


Hose couplings 


800 0 


.17 


1360 



12* Gas air mixing equipment 
13» Calorimeter 

Total 



2000 
5000 



Product gathering, treating and storaga t 



1. 


6 5/8 M 0D x »188" ArmcO esq 


1500* 






2. 


2 3/8 M OD 3.75 t»tf*T&0 LP 


20120* 






3. 


2" couplings 


80 


2»i5 


172 


4* 


2" Valves 


80. 




1210 


5> 


4-" couplings 


8000 


.1061 


849 


6. 


■J-" Unions 


4000 


.15 


600 


7. 


ells 


4000 


.16 


640 


8* 


2 H x 4- M awage 


4000 • 




4760 


9. 


Heat exchanger^ 






40576 


10. 


Pump 






1000 


Hi 


Treaters 


,2 


7070 


14140 


12, 


Tanks 


V 


2669*36 


10677 


13 . 


Stairway and walk way 






487 


14. 


Mise piping and connections 






2000 



•Total 



Drill wellBi, 



1. Rig time . 3,75 hra 11*22 ^42 
2* Bit cost no' # 187 ^21, 

Total /well drilled +63 

1» Rig time coring 8 11»22 &9Q 

2, Cora head & core bbl repair 60 ft ,50 



1^0.- 



. •■ Complete 367 hoiea/mo «* core id >■ - . 

core 37 holes 120/hole 4-440 

drill 330 h6i*I'dVliSit^^' ? ^^r v V^Q12fi- 

25230 

Oil wt/day = 274050.760 x *45 .x 5»78 * 390^883 

180 it 16*287 £/hr* 

Gas wt/day = 27.050 x t!5 x 5«78 , . .. e 130,294 

180 5 > 429 #/hr« 

Water wt/day= 27.050.760 X »10 X .5*78 n 86)863 

180 . 3619 #n*» 

\ oil is vapor* 



zone t - eoolihg Vapor, condensate^, gas and steam from 
350°F to 2l0°S*i 



Cooling oil - oondensata 
8,143^^ x 350 - 210) x *55 « ' t627 * 10 6 BTtf 

Cooling oil - vaporS 
8,143*/hr (350 - 210) x *45 »513 x 10 6 

Condensing oil vapora. 
8*.143^hr x i20 ,977 x iO 6 

Cooling gas 

5429/ !r hr x (350 » 210 ) x .*57 «433 X IO 6 

Cooling ateam 

3.6l#hr x (350 w 210) x *5 *253 x IO 6 



gone 2 — Condensing steam at dLO U* 

zone 5 - Cooling oil water and gas from 2ib°F to 
150 a F. 

^> Q Q ling ;.Q L JL - : ■ ; «* V -f, '-~^/;£«V3^ * •>'*• •■ - ^'h^l u5 • *\ ,1 mt--. 

16,2.87 x (210 - 150) i' *$' • r. •. ^89 x i5 

Cooling gas 

5429 x (210 - 150). x .53 =. • - - ... .» . - *173 x 10 

Cooling water 

3619 x UlO-150) x 1.0 = • *217 x 10 



Total heat/hr 4*667 x 10 9 BTU 
water required = 4 T 667 t OQ0 = l/hXk 

8.33 x 50 

Cooling surface = 2 .803 « OOP c -.2 

156 x 49 = 556 ' 6 " 

=_98^000_ = 113. S ft 2 
117 x 74 

= 079,000 = \ 276^4 ft 2 



106 x 30 



757 ft 2 



Cooling oil from 150° to 8Q°F 



16,287 x (150 - 80) x .46 = i.524 x 10 6 BTTF 



Cooling surface = 524 x 1Q 6 2 



28 x 35 



535 ft 



water required = 524.000 , ., r- , /, 

= 3.145 gal/hr 

8*33 x 20 
5429 (150 - 80) .5 = 190 x 10 6 

5429 (0.18 - 0.03) 1025 = 835 x 1Q 6 

1,025 x 10 6 BTU 



Cooling surface - 1,025,000 

28 x 28 



= 1.307 ft 2 



water required = 1,02^,000 ■ = 6.152 gal/iir. 

8.33 x 20 



tf ell equipment/well 



1. 3t u OD 7.58 PE seamless LP 110' 

2. ' 3y n OD x .220 ASTM A-213-551 Sr b £ n f 5* 
3- 2 3/8 M OD 3.75 PE LP 50 * 

4. i" C.W. LP 67' 

5. i" Couplings . 7 ,1061 -74 



\ 

1. ll/4" x 25-20 stainless tubing 5' 

2. ll/4" x 18 - 8 tt » 31' 

3. Cast cone 7;50 

4. l/4 n x H stainless pipe 10 * 164-53 16.45 

5. l/4" x stainless coupling 1 *45 «45 

Water circulation 

Thru compressor jackets 

air = 1700 x 60 x 10 (360-100) ,2^5 = 64.443.600 =154,727 GPH 
8. 33 U20 - 70) 416.5 

gas = 1700 x 60 (360 - 100 ) .55 - 13. 46 4, .000 = 32,327 GPH 

8.33 (120-70) 416-^5 



Thru After coolers. 6 



Air = 1700 x 60 x 10 ( 100 - 80) ,237 = 4.554,800 = 29,020 GPH 
8.33 x (90-70) 166,6 

Gas = 1700 x 60 (lOO - 80) .53 = 1 O 61 . 2Q0 = 6,490 GPH 
8.33 (90-70) 166,6 

from product coolers = 20 ,502 

Total water = 243,066 

= 4*051 GPM 



Investment 



1. Centrifugal pump 

2. hp electric motor 

3- 16" OB x .188" wall Armco esq. lOOO ' 

4. Misc pipe and connections 1000 

5- Cooling tower 



Operating expense 

1. Maintenance 

2. Electric Power 

Transportation 

1. Automobiles - 2 a 2500 mil/mo 8 c 400 

2. Pickup 2 " 250 , " 10 c 500 

3. Trucks 1 » 176 hrs/mo. 5^00 880 



1780 



Investment to start p 120 mo depr . 



1. Fuller C-300-300 H blowers (air) 10 16*940 169*400 

2. Freight 190 , 00Q* 4*84/ cvt . 9 * 196 

3. Waukesha VLROBU Engines 5. 28*117 140*585 

4. Freight- 75 , 000^ 3 . 52/cwt 2,640 

5. After cooler 1 7.150' 7,150 

6. Freight 13^400 4.84/cwt 649 

7* Pedestal bearings, shafts , belts , 

sheaves 7,500 

8. Fuller C-300-300 E blower (gas) 1 17,240 17,240 

9- Freight ■ 19,000 4.84/cwt 920 

10. Waukesha LRORBTJ 1 13,570 13,570 

11. Freight 12,000# 3i52/cwt 422 

12. After cooler 1 1,430 1,430 
13s Freight 5q 
14. Gas, sweetening, equipment - 135,000= 
15- Erection and piping 25,000 

16. 16" OD x .188" wall spiral weld esq ' \ 

4>OQO' 419-38/100 16,775 

17. Gas-air mixing equipment 2,000- 

18. Calorimeter 5 000 

19. Heat exchangers 40 576 

20. Pump 1,000 

21. Treaters 14,140 

22. Tankage 11,164 

23. Misc piping aid connections 10,000 

24. Centrifugal pumps 2 3*000 6,000 

25. 75 Hp electric motor 2 2,000 4,000 

26. Cooling tower 40,000 

27. Labor 2*j 972 

28. Concrete 10,000 

29. 5t" OD 7.70 Ctf T & C LP 12,000 88 . 74/lOO '10 , 649 

30. 4-t" O.D. 11.00 CW T&C LP 12,000 15-5 ■. 02/lO Q "16 . 202 

Total . 746,248 
Cost/mo. = 746,248/120 = 6,219 




•f^rsa-Th^fe M trite n't £t &7s tar m^W6mSLlSm&m^S^m%^tmm^^^^^m^^^m^^^_ 
. .,i..;,6...,5/^.,Pp x 

3. Connections for fuel & Product lines • 25*324 

4> £»' L p ■ 24,000' 9.88/100' 2,371 

5. 1 1/4" x .140 25-20 stainless tub2Rg20 * 000 ' _ 421.55/100' 84*310 

6. 1 l/4" x .140 18-8 stainless tubing^^, 315 . n/ioo '390 ,736 

7. Cast cones 2,000 7-50 15*000 

8. 1/4" xH stainless pipe 40*000' 99»00/l00.' 39,600 

9. ,.l/4" i|" stainless coupling 4,000 i.45 1 t 80Q ■ 

579.914 

Investment to start - 12 mo > amortization . 

1. 3±" OD 7.58 PB Seamless LP .. 440,000' 92.96/100 '4-09 ,024 

2. 3i" OD x .220 ASTM A-215-55T&R5* 20*.000' 966.50/100*193,300 

3. ±" PE seamless LP 268, OOp' 11,28/100' 30.230 

4. 2 3/8" OD 3.75 PE LP 200,00b' 59*19/100' 78.380 

710.934 



Total monthly costs 



1. Investment - 120 mo. amortization 6,219 

2. » 96 11 " 6,041 

3. " 12 " " 59,245 

4. Labor ; 6,993 

5. Drilling 25,230 

6. Transportation 1,780 

7. Gas fuel 9,636 

8. Electric power 2,183 

9. Maintenance 5,000 

10. Oil • i-ooo 

11. Misc 5,000 

12. Sand 2j_3_10 

130*637 

Oil produced/mo 38*288 bbls^ 

Cost/bbl 3*41 



Assume 13' spacing, 146.38 ft^/well or 298 wells/Acre 



heat required/Ace 



heating Million BTU/Acre llnpui/burher 
Time (hrs) Lost heat Pyrolysis Total"""*"""] 



5000 
5040 



17,98a 
18,059 



54,886 
54,886 



72 j 874 
72,947 



48,909 
4S,569 



Assum 7 months heating time 
Area being heated =r 2000/298 = 6.71 acres 



oil recovered/mo = 6.71 x 39 + 236 

7 



= -37*611 hbj^s 



Total monthly costs 



1. 


Investment - 120 mo 


amortization 


6,213 


2. 


« - 112 » 




5*178 


3. 


14 11 


ti 


50,781 


4. 


Labor 




6>993 


5. 


Drilling 




19,671 


6. 


Transportation 




1,780 


7. 


Gas fuel 




9>636 


8. 


Electric Power 




2,183 


9. 


Maintenance 




5*000 


10. 


Oil 




1 ; 000 


11. 


Misc 




5*00.0 


12. 


Sand 




2.310 



• ' ' .L , >"'::'-:'-' ■ '• • *<V-' : i fei-"^-S» i .;«'i!iS!l..i'islr--!i:i'' ' 

Cosi/bbl = 115j75l/376li = 3*08 



115,751 



Assume 15 'spacing, 195 ft 2 /*eli or 224 vells/aore. 



Assume 9.5 months heating.. 

Area being heated = 20QQ = 8.94 aorea ■ 

224 

Oil recovered/mo = 8.94 « 39.236 ,g g 0 o bhifl 

9.5 ' . 

Total monthly costs 

Investment - 19 mon. 36*500 
Drilling • Ht*00 

5l»ioo 

Other items , 46 1 1&2„, 

97,262 



Cost/bbl =_21j2£2- _ 3 6i \ 
36*900 * 



Area per burner in triangular pattern fe ... 3 =j ft 2 



Area per burner in hexagonal * 3 » ^ & 2 



Hexagonal v _ j^,. 
Triangular p 



Diagram 40 ia for 1000 BTU/f t ,a,b . 

To heat up a deposit with 600 vill thus adfreapond to a temp* 

0 t ?2? " T ° . 1000 = 1090°P 
600 



KL has 7*22 ft spacing which corresponds to 10»82 ft Spading with 
triangular pattern* 



On the diagram multiply t e time with. ^XO . 82^. = 1.03 for the 
heaxagonal pattern in KL . ^ 

Prom the diagram a heating time of 3,550 hours =148 days =4.93 
months is obtained for a hexagonal pattern of 7.22 ft or a 
triangular pattern of 10.82 ft A 

The actual heating time in KL is 5. 5 months* Thus the tarsand * 
is heated up 11.5 <fo faster. 

To heat 60 ft tarsand about 600 BTtf/ft^hr should he- delivered over 
70 ft, 5 ft below and 5 ft above the, tarsand* Through 45 ft of 
overburden about 100 BTlj/ft-hr will be delivered." Thus 46,500 BTll/b-hr 
would be needed. However an additional 6.500 BTU/b-hr will be lost 
through the flue gas. Thus a total input of 53^.000 BTIl/b-hr will 
be required, 40 ft 1" burner tube in a .3" casing can be used. 

\ 

\ 



VSteq tLlirdras target, gencoa fdftr&nning .av,gi^Jihed luft t-b^ . ; 
satta i borrhSl. Ett stbrt mital : kcoifciiiatibner w\B^<airetanai' tiz&aiiailhsf iPeldb 
och brUnntid ar tSnkbara. I kalkjleti nedan fisMsf Ues v ktt trngefUr de f8r-"' 
h&llsnden, son r^dsr i Santa«Cru35-f£Lltet tillSntpas, " *" 

Frlser-och lonsr t g&llande i Calif oralm f3r n&rvarande, har anvSnts* R&ntan 
pi investerat kapital antas vara 5 % per £r och underhiilskostnadema f 8r 
utruetuing 4 % per &r„ Otrustningena livsl2ngd fir bedHmd frlta fall till fall. 
Drifttiden per kslender&r antas bli 7900 timmar (90 % availability)* 

1. Borrh&let . 

Barrning (inklmiva rorg'dttrang), 60 fot a 0,35 $ 21*00 $Ai&l 

Ctaborrning och uppdragning av yttarrOrat after 

drifiperiodens slut, 60 fot a 0,35 $ 21,00 tt 

Cemantering runt gasrSrat 2.00 n 

Hontagearbeta (snslutning ^il ^gtoin gsiiat far 



br£nsle och pyrolysgas) ( / ' yB k * * H m *J 2«00 » 

Andel i kostnad f Sr. termcmsteritfil (ett dylikt . 
. behiJva fUr 20 - 100 br&nnarhfil) \ 1«00 n 

Sinaraa 4fl.00jyh5l 

Antalet borrMl per acre beror pfi. h&lavstSndet, Eftersom 57 • 10* BTU 

skell tillfBras par acre (inklusive varmerdrlnster Upp&t ocii nad&i), er- 

HSiavatand," f ot 8 10 \Z 15 20 



hSl per acre 790 500 jv? 223 126 

boirhSlakoctnad t f/abze 38 fl 000 24*000 10.700 6,000 

11 &A0 6 BPU 0,665 0,420 . 0,183 O 5 106 

2 9 RSrexu 

/Lf Det har P- Sat 6i S att roren kan upptagas ooh anvSndas Snyo. 3 4rs gancm- 
/■ . 7^ snittlig livslSngd anfcages. Xtterr8ret antages vara 5 # Cr« 0,5 % Mo: 

20 fot gasrBr (oleg.) a 0,80 £ 16,00 $/hfil 

/A- ^J}f d y ifttirmne ^ages brMnnaron kunna inmate 25,000 BTO, varfSr koetnadsn 




15,00 §Ml 

5.00 " 
20,00 $/h&L 

For desaa poster raknas med 10 &rs avskrivningatid 9 varfor kostnaden blir 
0,017 $A0 BTU, 



Br&anaren kostar 5 inkluslve nedledningsrSr och anslutnihgsdQtaljar 52«Q0 '3/gt . 
Dsn antaa kiixma anvSindas i 3 8r med.en inaiatning av 25-000 BTU/drifttimme, 
varfdr kostnaden blir Q.096 $/10 fa BTU, - 



5o Koapressorstaticnen * 

En miljon BTU, tlllfdrt tj&rsandslagret, motsvarar ca 1,2 * 10 6 BTU i gasen 
eller 1330 cuft gas av vSrniaviiydat 900 BTU/cuft (flea gliller f8r s&vJil pjr- 
rolys- som naturgas), Mctsvarande liiftmMngd fir 12*0b0 raft. Sammanlagfc ©kail 
allts§. 13,330 cuft gas + lufi kcmprimeras till 12 >sig (brSnnarsnT>eh8ver 
7-10 ps±g) 0 EnUgfc kcatipressortillverkare kan man titan risk blanda gas cch 
luft fdre koEipreosionen* En iebaplLg enhet skulle vara en kompreesor itxsd en 
kapacitat av ca 600 cnft/foin, som rocker' ffr iOO brSnnara a 25.000 BTU/h* 
En koiaplett enhet koBtarY 

kompressor 

elsftoior (30 bkr) * varvbalsvariator 
blandningsrogulator for gao «• inft 
el« och gasledningar, fundament, montage 

Sunsna 



Denna enhet antas ha 10 &rs avskrivningstid, varfBr den fasta kostnaden bUr 
0,105 S/timme = 0,042 SAO 6 BTU «- 

6« Korapressordriftan* 

Effektl'oarbrnkningan for en korapressoratatibn ft5r 100 brUnnare Ur ca 18,5 kW, 
son vitl kraftpriset 1,0 cts per kWh motsvarar 0,185 S/didfttdmma eller 
0,074 ^AO BTU. 

Kompros3orstationen kan gorae praktiakt taget helantcmstisk. Den tiHsyn, 
sonibehBv8 9 iriklnderas i ArbetslBner f . 



Andel i fasta tornat for tillfdrael av 

bransle cch bortforsel av pyrolysprodtikter 
kopplangar, ventilar etc« 

■ Suzmda 



. 3*000 $ 
1.000 § 

700 $ 
300 $ 

5.000 $ 



7. Loner och. administration * 

Arbetsstyrkan for sn lQOO-bramaxanlaggning uppekattas bll 2 dagtidaarbetara 
(for underbill) och 1 man par aklft KfBr kompressor-, brannar- och pumpdver- 
vakning) For borrning erforderlig personal ar inkluderad i borrkostnaaen* 
axbetare, 4.0 tlznmar/dy-gn a 2,00 $ * = 80,00 $/dygn 

arbetsledare (eller driftinggnjSr) - 20,00 " 

administration, 20 % ar ISnekostnaden » 20.00 " 

Summa 120,00 #/dygn 



Anmarkning, 



Kostnaden blir alltsi 0,200 $/10 6 BTU. 








Semmandrag 


kostnad i $ per 10^ 


tillfarda BTtl 




vid halavstande^i 


8 fot 


10 fot 


15 fat 


20 fot 


1. Borrhilet 


0,665 


0j420 


■ 0,188 


0,106 


2 0 R8ran 


0,332 


0,332 


0,332 


0,332 


3. Armatia-j lednin£3nat '. 


0,017 


0,017 


0,017 


0,017 


4» Br'atmsren 


0,096 


0,096 


: 0,096 


0,096 


5* Korapressorotationen 


0,042 


0,042 


0,042 


0,042 


6. Kentpressordriften 


0,074 


0,074 . 


0,074 


0,074 


7* L3n9r och administration 


0,200 


0,200 


I 0,200 


0,200 




1,426 


1,181 


0,949 


0,867 



Det har bar antagita att filltet ar sjalvforsHrjande insd brHnelegaB. Om b& 
ej bUr fallet kan tmsatsbrarale (naturgas) kbpas f8r 0,50 S/10 6 BTU. 



( 



- B * Oljeutainnlnggn Per tilirdrd miljon BTU . 

ll T ™\3?^ ta -,* °?£L t ^ rsand tjL11 Pyrolyatemperatur 4tg&r. taoretiskt 

SuSrS Iffr^ 9 *?*™^ * 7lkt8 ^ ^ i***»l»Bw 0.71 barrel per 
jlllfbrda,10 Q sTU och om oljautbytet ar «, erhillea 1,08 barrel per i(P BTU. 

L?Sl GrU f ^5 g S an ar senoraenittliga tjarhalten 8 vikts-S, varav man 
Sjf J« Sig /? 50 och 65 * Sonr olja. Fdr aSkarhsts akall 

raknas bar med den lagre siffran, d,v.s. nsd 4 vikte-* oljeutbyta . 

I ett eahalsfb'rsak 3r varmeforlu8terna till omgivningen nyeket stora. Det 
kan matsmatiskt visas att andast 1,25 % av det tillfb"rda vSrinst snvSndes 
for verklig pyrolys. Sahmda erhallae per 10 6 BTU blott 0,0089 barrel . I 
anhSlsfdrs'dk L 3 erhSlla ca 0,02 barrels per 10° BTU, ssen tjarsanden var 
dar rikara, (Den del av borrkHrnan, son kunde tillvaratagas, hail cao^tj&ao 

I ett ajuhalspraflk ar fb'rlusterna till att' b8rja med lika stora scan i sju 
separata enhalsftJrabTc, man efterhand som brSnnarnas aamverkan kommer till 
^ynea, Bjinikar Tdrlusterna, relativt sett, till ett minimum av ungefHr 60 
% av det tillfsrda varmet. Per 10& BTU erhallas da ca 0.28 barrels ol^a. 

Efter ling tid flyter de sju brannarnaa -verkningar ihop till tmgefar saacia 
reaultat, som simile erhallas road en enda, aju ganger ' atSrra brannare. Bb*r- 
lustsrna motsvarar da anyo rdrMliandena i ett enhalBfb'rsbTc. 

?J? ra ?k L 72» genomanittliga tjarhaltgn var relativt lag, 7,3 ar- 
hSlla totalt 4,16 barrala olja per 191° 10° tillfdrda BTU eiler 0.022 
barrela/LOg BTU. Korraktlon till 8 % tjarbalt hU^er aiffran till 6,024 
barrela/10 q BTU . * 

i en "^^fapnaranla^Eninp h^M^ de prccentuella varaafBrius- 

tarna en liknande icurva scan i en sjohalsenhet med dan skUlnaden att - 
• - roinindftfrlusten ar konetant, aa lange faltet kohtinuerligt fortakri- 
der framat. Vid avslutning av ett begranaat fait atiger fiJrltisterna ater 0 

Fd £ b^rahalsfaltet L 8 har dat teraknats att totalt 3400 barrala skull© 
erhpiae med en imnatning av 11.900 « 10 b BTU (falteta genomailttliga Mar- 
halt = 7^3 /»). Oljeutvinningen akulle eilunda bli 0.286 barrela/LO 8 BTU a 
Under den tid faifcgt hade nagotsanar konstanta 6 ^fifl3rballanden erfafalia 
ca 0,09 barrels/10 0 BTU, 

L Q £ ^"ffe^^g^E 109(1 kontinuerlig mtfiyttning beror Tdrlnater^ 
na huvudsaKiigen pa faltbredden och vandrlngahaatigheten. I ett 2000 fot 

*Jf5* ined 10 '^Mlwatfaul blir rdrluaterna. ca 35 %'d.r.a. vid ett 
olaeutbyte av 4 vikta-^ erh&lles 0.46 barrela/lQP BTU. 



Ite ovan gjordM kalkylsrna visar aalunda att v±d en fullstor anlEggning msd 
10 fots h£Lavstand tillrrerkningskoatnadsa fdr 0^46 barrels olja bllr 1,18 
$, eller fdr 1 barrel 2,55 DBrtill skali ISggas kostnaden fdr kondense- 
ring cch lagring, somi en stor enlMggning Ur blygsam, sSg 5 cts/barrel* 

01 J an skulls alltsa koata, fritt anlSggningen 2,60 g/bbl « 

Ftfr dsn olja 3 som faittills silts, har erhSUita 3 3 U $/kbl. Den har smaller- 
tid varit n&got tyngrs (spsc*vikt 0.904) Sn vad aom kan v&atas fran en full- 
stor aniaggnlng (spec.vikt ca 0,880), yarfdr TdrsaUningsprtset tords bll 
mlgot hogre. Tranaportan till kunden (raffinaderiet) kan v&aias kosta max* 
ca 10 eta/barrel, 

Kostnadan Fdr gassns svavelrening har ej inkluderats i Tcalkylan, d& den btfr 
kimna -baras g& det ufcronna svavlet, fSr -rflkat ingen kreditaring gjorts* 
Per m olja blir svavelproduktionen etorleksordningsh 30 .fe-.. 



Harkes Kvarntor]p den 4 maj 1957 
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Union Oil Company of California 



RESEARCH DEPARTMENT 



BREA. CALIFORNIA 



April 22, 1959 



JES-60 



Mr. M. F. ffestfall (2) 
Husky Oil Company 
Cody > Wyoming 

Dr. Gosta Saiomorisson (2) 

Svenska Skifferolje Aktiebolaget 
VSstra Gatan" 2 
Orebro, Sweden 

Gentlemen: 

At one of the recent meetings of the Engineering Committee for the 
Swedish Process Field Test at Santa Cruz, we obtained a sample of 
burner casing recovered from one of the burner veils in- the L-73 
test. ' The casing had paxted during the salvage operations and at 
the parting point the wall thickness had been reduced to a very 
small value. To determine the nature of the attack which occurred 
at this point we have had Dr. L. M. Dvoracek of our Design Division 
examine the specimen metaHuxgically. For your information, we have 
attached hereto copies of the report prepared by Dr. Dvoracek to 
cover his examination. 

We believe the report is self explanatory; howreyer, if you have any 
question regarding it, please contact us. 




Very truly yours, 



tfohn E. Sherborne, Manager 
Production Research Division 



JES:vb 



enc. 



cc/w: B. Per s son 

R. E. Helander 
W. J. Shirley 



Union Oil Company of California 

RESEARCH DEPARTMENT 
BREA. CALIFORNIA 



To: Dr. Clyde Berg, Mgr. Reference: 

Design Division 

Date: 

From: ■ Louis M. Dvoracek 

• Project: 

Subject: TAR SA3TOS PROJECT 

Supervisor: 

cc: E. R. Atkins (k) 

J* E. Tfines 
J. R. Hunt 

HISTORY 

Oil is extracted from tar sands by insitu heating- The heating is sup- 
plied by a pattern or network of combustion wells. These wells contain a burner 
inside a pipe or tube. Heat is transferred from the burner to a fluidized sand 
and thence to the wall or pipe of the well. The tar sands Surrounding the wells 
are heated thereby releasing their oil. The carbon steel pipe housing this well 
is a 2-l/2-inch pipe of approximately l/U-inch wall thickness. Tformal operations 
of these wells are from 700°P to 1000 °F- 

Removal of a well designed as L73, Bl, failed at the 26-foot level. 
This well extends approximately kQ feet and has been in service for over a year* 

EXAMINATION 

Visual inspection at the failure area indicated very little parent 
metal in the order of l/lO-inch or less* Voluminous scale deposits were noted oh 
"both the inside and outside of the pipe. The outside deposits were greater than 
the interior and were black in appearance. Ah acid test of this putside layer 
indicates the formation to be largely sulfides, while the small reddish appearance 
of the inside layer to be oxides of iron. 

Figures 1 and 2 reveal the character of the scale and mode of penetra- 
tion. The parent metal is at the top of the photomicrographs. The demarcation 
between scale and metal is very uniform. Also indicated is a general structure 
simulating the parent metal. This might be the direct substitutipn or combining 
of sulfur and/or oxygen with iron atoms , 

Figure 3 is a photomicrograph of the metal located about a foot above 
the failure area. The structure is largely feriits with a small amount of pear- 
lite. The carbon content is low, probably in the neighborhood of five points 
(0.05 percent) . 

A sharp contrast in microstructure is noted in the f&ilure area as 
indicated by Figures k and 5. Figure k depicts the microstructure and boundary 
between metal and outside scale, while Figure 5 presents the interior portion 
of the tube. As already indicated, the penetration is uniform on both surfaces. 
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However, the structure from interior to the exterior position of the metal is 
very striking. Grain growth has occurred at the inside with the maximum size 
at the centerline . of the . wall. From the centerline to the exterior side, the 
grains are smaller but still possess growth, Pearlite is absent on the inside, 
hut appears near the otitsideo The pearlite tinder higher magnification in this 
area is laminar • Carburlzation or decarburizatioti is hot visible. Apparently, 
the time- temperature relationships were high enough to produce * grain growth 
with a high enough temperature to dissolve the pearlite oh the inside" portion 
of the wall which now appears in the spheroidized state* This taeahs the tem- 
perature was in the critical -range (1300*F); It is hard to visualise 6 tem- 
perature gradient across the wall, "but apparently the tiM-teri^eratufe relation- 
ships were adequate for this effect- The hardness in this area was Rg Ko* This 
.is slightly lower than that reported in the literature for this type of carbon 
•steel- Exposure to these temperatures will soften the material.. 

RECOMMENDATION 

The attack to a carbon steel combustion well was severe 1 Oh both the 
inside and outside of the pipe. Alloying with. chromluM tfill bff<*f resistance to 
oxidation, sulfurization, and carburlzation. If the coinpositidh of the oil from 
the tar sands has considerable amounts of hydrogen &hd hydrdgSh sulfide , then 
alloy compositions of stainless steels would be required * Howevef> high alloying 
is a costly solution. 

Aluminum coatings or alloys also .offer jrdtection to djcid^tibh and hydro 
gen sulfide attack. Coatings such as !tetaliizih^> i4bilerizirig> or CsJ-birizing 
offer great promise. Even the non-diffused aJLiamlhum coating Which would beddine 
diffused or alloyed in service might prove to T?e very economic*!; 




L6tiis k. Dvdrtcek 
Design Division 

LMDref 
attachments 



Figure 1 



Scale formed on the inside of combustion 
well L73, Bl. Et chant, Mtal; 50X 
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Figure 2 



Scale formed on the outside of combustion 
well L73> Bl. Et chant, Nital; 50X 




Figure 3 

Microstructure of combustion veil 
pipe L73, Bl. Above the failure area. 
Etchant, Nitalj 15QX 




Figure k 

Micrdstructure along outside portion of 
combustion well pipe L73, Bl. 
Et chant, Nital; 150X 



Figure 5 

Microstructure along interior of 
combustion well pipe L73, Bl. 
Etchant, Nital; 15QX. 
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Union Oil Company of California 

RESEARCH DEPARTMENT 
BREA. CALIFORNIA 

February 6, 1959 JES-16 



Mr. M. F. Westfall 

Husky Oil Company 
Cody, Wyoming 

Dr» Gosta Salomonsson / 

Svenska Skifferolje Aktiebolaget 
Vastra Gatan 2 
Orebro, Sweden 

Gentlemen: 

We have completed various analytical tests on the L-73 core samples which we 
obtained during our last visit at Santa Cruz* In addition to the analytical 
tests we also made permeability and porosity measurements* Data from all 
these tests are contained in the attached table* 

Study of the analytical data indicates that the results of the ash determina- 
tions can be used as a measure of the oil residue in the core samples provided 
correction is made for carbon dioxide lost by decomposition of carbonates in 
the cores. Only samples- from the 17-ft interval demonstrated appreciable 
carbonate mineral content. When that carbon content is adjusted for the oxygen 
which was lost with it, the sum of the carbon dioxide and the carbon and 
hydrogen is almost equal to the loss obtained in the ash determination. 

We have discussed these tests with our analytical group, and the costs for the 
various tests are as follows: 

Ash determination $2.50 each in lots of 25 or more 

Carbon dioxide by evolution $8*00 each in lots of 12 or more 

Carbon-hydrogen determination $8 t 00 per test in lots of 12 or more* 

To get an effective measure of the carbon-hydrogen residuum in the core samples 
it- appears that we would have to determine carbon dioxide' by evolution, iand 
either the carbon-hydrogen content or the ash. Analyses of the costs indicate 
that the ash determination is preferable to the csxboh-hydrogen* deterioration* 
It is possible that any carbonate minerals present may be restricted to 
certain strata in the ground and study of additional samples might indicate 
that it would be unnecessary to determine carbon dioxide by evolution on every 
core sample studied. We suggest that it would be desirable to obtain enough 
test information either to confirm or refute this possibility. To accomplish 
this, we propose that a complete set of cores from a representative core hole 
in the L-9 area be analyzed both for ash determination and carbon dioxide by 
evolution. Based upon the results of these tests, a group of cores chosen 
from appropriate levels in a second representative core hole should be analyzed 
to establish whether or hot the carbonate minerals are restricted to certain 
intervals . 



2o 



The content of organic matter in the cores from L-73 seems at first glance to 
be surprisingly high* We believe 9 however > that 'it correlates with low oil 
recovery from this test pattern. Apparently, oniy the sample from 17 ft Vas 
sufficiently coked to make the residue relatively insoluble in trichloro- 
ethane. The reported values for permeability may be of iittle vaiiie because 
of fractures in the core samples. The high values &re undoubtedly the result 
of such fractures, and probably the permeability bf the saikple from the 17 ft 
interval (276O m.d. ) more nearly represents' the proper permeability v&iue in 
the unfractured formation. It is possible that the fdrinatioh itself is frac- 
tured but there is no way to establish frhethir of riot the dor e SafiipleS them- 
selves properly represent this fractured cbhditiari* 

We have found the results of these preiintihary teerts <}Uit£ interesting and 
believe that we should obtain sufficient ihfdrrriatibn ah the L-9 cores to 
confirm the apparent value of these test data* tie SMll iook fdrw&rd to your 
reaction to our proposal. 



Very truly yours,* 




Production Research Division 



RSC:vb 
Attachment 




cc: B. E. Helander 



W. J. Shirley 
B« Per s son 
M. Eurenius 



SANTA CRUZ - L-73 CORE SAMPLES 



Total Carbon 



Core 
Interval 
Depth, ft 


Air 
Perm. 
md 1 


Porosity, 
Volume 


Extractable 

Organic 
Matter, Wt <f, 2 


C »'H tiet'n •■ 
, Weight, % 
,C H 


„ C0 2 By 
Evolution, 
Weight* $ 


Loss 
in CO2- 
Wt. % 


Ash, 
Wt* 


17 


2,760 


19*5 


0.5 




d*2 5 


/ 6*2 


1*7 


91*2 












0*2 








33 


9,000 


25.0 


7-6 


6.5 


0*9 


<o*3 


^0*1 


'90*1 


*5 








8.5 


0.9 








15>700 


17.2 


8*7 


7*0 




**o*3 


<o.i 


91*8 










7*2 


. 0*9 









1 Visual examination indicates cores may contSLin fractures • 

2 Extracted with trichloroethatie - adjacent Sampled* 

3 Duplicate sakples. 







COMPARISON OF ORGANIC MATTER . CONTENTS 
DETERMINED BY THE VARIOUS METHODS ^ 




Sample 


Extractable 
Matter > 

wt. * 


Caic* Frdin 
Ash, 
Wt* £ 


Ash Results 
Corrected for 
COp Ldgg, yttt <f> 


C - H Det*h 
Corrected for 
C0 o Loss i Wt*$ 

2*5 


17 


0*5 


8.8 


33 


7.6 


. 9*9 


9*6 




^5 


8.7 


8*2 


7*9 


7*9 



Union Oil 



Company of California 



RESEARCH DEPARTMENT 



BREA, CALIFORNIA 



March 23 , 1959 



JES-39 



Mr. F. Westfall (3) 
fiusky Oil Company 
Cody j Wyoming • 

Dr. Gosta Salomons son (3) 

Svenska Skifferalje Aktiebolaget 
Vastra Gatan 2 
Olrebro, Sweden 

Gentlemen: 

We have completed ash and carbon dioxide by evolution determinations on samples 
from 11 more core holes at Santa Cruz. Although we have additional cores to 
study and shall complete work on them In the near future, we are making .this 
interim report to permit you to review the data, available to date. The data 
from these tests are contained in the attached tables, and for convenience we 
have included the results on core holes C-l6 and C-19, which were analyzed 
earlier and discussed in the Engineering Committee Meeting on March 3a We 
have also included a C-H determination on sample B-5-4 submitted by Bo Persson. 

In general the data appear to be consistent with our understanding of the 
process* A rich coked zone exists in the lower intervals of those core holes 
near a heated well. Apparently oil migrated and gravitated into the hot lower 
intervals and was subsequently coked therein. If you have any questions regard 
ing these tests or wish additional copies of the test reports , please contact 
us. 




Very truly yours, 



John E. Sherborne, Manager 
Production Research Division 



RSC:vb 



enc . 

cc/w: M. 



Eurenius 
E. Helander 
Persson 



R. 
B. 
W. 



J. Shirley 
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Union Oil Company of California 



RESEARCH DEPARTMENT 
BREA. CALIFORNIA 

April 111-, 1959' JES-W 



Mr. M. F. Westfall (3) 
Husky Qil Company 
Cody> Wyoming 

Dear Wes: • 

Our Analytical Laboratory has completed the ash and CO2 byevblution 
analyses oh the core samples from ife Swedish Procgsa FiSld fceSt at 
Santa Cruz. Tabulated data for sakpi^s from ih6 last 15 core holes 
are attached. Other data were reported previously* There are two 
samples the results for which obviously ire or may be anomalous - 
the W'-W interval in (ML3 and the 15«-20' interval in C-jk. We 
are obtaining check analyses on these two samples ahd shall present 
the data at the Engineering Committee meeting in Santa Cruz oh 
April 23. ' 

We agreed to make the ash determinations for $2.50 pfer sample ahd the 
CCU by evolution determination for $8.00 per Siample in qtiahtity lota. 
XTbecause of the quantity of samples processed there Should be a 
savings over these prices, we shall pass these savihgk on to the 
project . 



If you have any questions regarding these data, we shall be happy to 
discuss them with you. 



Very truly yours > 





John E. Sherborne, Manager 
Production Research Division 



RSC:vb 

ec;: Dr. Gosta Salomonssoh (3) 

Mr. M. Eurenius 

Dr. R. E. Heiander 

Mr. B. Persson 

Mr. W. J. Shirley 
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OIL RECOVERY FROM . TAR SAND ftPS^* 



WITH SHE LIHS METHOD 



- * ?s V: 



Report on field tests at SANTA miil CALIFOMtA 
1935 - 1957 ,: 




conducted by Husky; Oil.' Cbmpaa^ ^f^! A U^^ : ' v ' 
and Svenaka Slcifferolflat^ ■ 




SUMMARY : •V^rr'... 
The tar in the tax Sand can be .ta^sf orjfied :to '^|^'6il^''^a V' Satbona- 



To develop a gas-fired t>afttS^^Btiltabli"f^48k^ifciai^dai6 \ • ■' - 

heating in-aitu of a ta* sahd formation; ; &rid rf r >; 
To study the heat transfer and the flow of produced fluids in ; 
the formation. ■.);'. ' [ .,- j_, •' 

Starting from a preliminary fcuttM' design, developed' *iii 'the laboratories • 
oi Svenska Skiff erol^e Aktiebolagat j a number of' 'aihdtie^buf her tests were 
Performed in ▼"tidal borecoles in the tar sand formation, it was found 
that, the moat important problem in the .burner, .design was td make- long ' 
enough burners while maintaining an even heat distribution' over- the entire 
length of the burner. Local heat, concentrations-: Would .IfceidV to damage the 
burner or the casing. . ' ; • ;• ; ->., ; ' 

The original burner would heat only a layer, le'ss^thah 1© ft thick. The 
following testa resulted in improvement in : the brigihal . design By re- 
circulating a certain amount of exhaust gas within 'the burner and by 
shielding the hottest part of the burner with a.cdnceritrie steel tube, a 
small improvement in heat distribution" was obtained, J 5 ?': 3 : 1 : - - 
/ • . v-^-^--. ; »■.,-;*>/ ;? * " 

Even this was .however, insufficient '"fbi 'the 3 heaMn^%yie ; Useful portion ' 
of the tar 3 and formation at the test.Mte^wMch^wai : "35 .to 40 feet* There- 
in' u larger-acaie test -■ including-^ 00 burners and covering 
H 3| " where oil recovery data, were to-. be studied besides the perform- 
ance of the burners, an attempt was made to Obtain the desired 40-foot heat 
attribution by moving the burners up and ddwuviii'^tM wells at regular in- 

l?SSLr Veiy A 0 « 8 h0UI3) * ^ ^^d^ve'lf airly-gbbd' overall heat 
a stribution, but the. momentary, local heat, cohcentriitidha caused repeated 
taiiursa m the burner casinga, which were madei6f >icarbon- steei. A numbe- 
of casings were reolanad rt * h v,^ dii^.iute'.wii,*.:, ^ ^ £ Qnt^im- 



steel tilloyg) and ths tG3t" was continued on a reduced scale. 



Concurrent with this teat the work on improved burner Construction con- 
tinued and resulted in the so-called sand burner' ^ In -this burner a flui- 
dised bed of eond is ussd for the'. distribution of liekt. No exhaust gas 
recirculation^ used and no thermal -phi elds afe : - hecesaary. Already in 
the first series of preliminary teats' with eahdburriers . heated intarvals 
of up to 34 feet were obtained. Due to therbetter distribution of the 
heat along the whole length of the burner it ia anticipated that . the bur- 
ner can be inanufactlorcid of less expensive cbhstriictibii' materials than' 
those used in the original burners and in the sand burners tested eo far,, 
where 25/12 chrondum-nickel steelk were used' in the* hottest jarta and 
'I8/Q steel in 'the adjacent parts. ' : \: \\ .'.j" .\ ; 

Aa soon as the superior effect of the sand burner was proven, the remain- 
ing- burners in the earlier 100-hole test were replaced with sand burners. ' 

Preliminary data on heat transfer inthe formation Were calculated from 
the temperature observation's. These data iahdw.-that reasonable heat trans- 
fer rates can be achieved in tar Sand* \. 'l^/v.;- -p ' . 

In order hot to waste heat on water vaporization as "muck as possible of 
the ground water present should be removed from the deposit. 

ffo quantitative recovery data wer& obtained dfronl 'the Hod^bteiex test be- 
cause of the irregular operation The -nature of tee' produced bil was 'aro^ 
matte. Most of the oil was rather light , with gravities between 20 and 35° 
API, and lightcolored hut unstable,. I- *>V ' 

Samples of the produced gas had hydrogen sulfide ccShienia up to 12 g and 
heat values of eOO to 1000 BTU/at cuft* la one .test' it tias found thai ' 
sweetened, produced gas ia a suitable burner fuel, in all other tests 
propane was used as fuol . ... 

Current testa, not described in this report, include 'a tiew 100-hble test; 
covering an area of about 7400 aq. ft, operated With' sand 'burners and espe- 
cially intended to give information about Obtainable oil and gas yields* 
Further the .first part of a systematic study of the' different factors, in- 
lluencmg the efficiancy of sand burners and a series of laboratory studies 
on the relations between heating rates * reaction temperatures, product 
yields, etc. are being couductad. . "> . 

Problems,. requiring further research work* include: • 

•|. Studies of burner construction materials/ 

■ 2-.'i Studies of oil and gas recoveries' V ' .'• .? •: 

3« Development of longer burners;' •' .r ' '' .j^;;.; - 



TAR SAHD TESTS AT SAHTA . CRUZ.; ■ CALIFORNIA 
February ,1 955 to " December i 957 ■ 



INTRODUCTION 



During 1953 and 1954 soma preliminary studiea ware made by the Research 
Department of Svenska Skifferolje Ak'tiebolaget dn the uae .of the Ljung- 
stroni In Site Method (LUIS Method) for oil recovery from tar sand depdaita. 
The work included analyses of a' f ew samples , of ;tar sand (taken from out- • 
croppings in California and Alberta), ''adme model scale : Btudies on artifi- 
cial mixtures of sand and tar and aome prelimihafyiWorli: 1 bh '6. gas burner to 
be used inatead of the electrical-cheater, used in tneitbmmerfciai LjuhfH 
strom field in Sweden. :t':- C • 1 - ■■ 

It wag found, that only results of very limited values and applicability ' 
could be obtained in this way* The .tar sand una f ouhd td be Very nonuni- • 
torm in physical and chemical properties and :smair laboratory samples could 
not yield enough information. Heat ,tr^aferi heater design*- flow df gaaea 
and liquids, and obtainable product yields would depehd'oh a plurality df 
lield. factors, which could not be duplicated; in- the laboratory, it waa thus ' 
decided that further research on -thia : project ahduldcbe'cbneehtrated'to 
studies in an actual tar sand field* f^ t \ V ';i i f .'.' *.' 

A tar sand deposit, located between Laguha ^eek'^^jora Creek, about 
9 miles northwest of Santa Cruz* Caltf oxiiiaV; *aa< considered' a suitable area 
for the field testa. After cote drilling in ;tne area; in March and Anril 1955, 
a test site was chosen about 500 ft .^mW^'!^\C^±ai&.^kai. A num- 

ain S l8 - burnsr te3t a were started here 'during the' summer and fall of 
J? f or i> th e P^Poae of studies of burner, performance" and neat and product 
xlow in the formation. ,K,t-; i^-'v - ' • 



After several testa had beeh- a tartsd'.ih--this are^'neW ^tests were begun in 
^ LT ; °£ h ° f thS qUarrj " i 956V' all • testing equipment 

Mndinl ? 13 T & 611 * 83 ^ been done there, in- . 

the IZlf °5 8in « le - bur °« ? S te «* a .- ^;.threi ; sevenburner tests. Besides 

the above-mentioned purposes, the= purpose of the sevenburner tSsta was to 

u ' ^ers i 0 rmadr itities of ^ ■ 

Finally, in July 1956, a huMredburhe* teat fa* started with the objective 
of obtaining operation and yield. data which/would be 5 necessary for an eva- 

Z ° a Vl e ST*?* 1 W^^^.'^&aW Method, This report re- 
fers to all field teats up to and' indluding this^irst hundred burner teat 

■ " '' ^ ■ V-:!' ' 

descSSSnn! te3 ^^ent a 'ar^ ; given Wow and detailed 

descriptions and diacusaiona of the individual tests foliow in the Appendix. 



aMMlA L DESCRIPTION OF THE ' TESTS j^J*;. 



Description of ths de posit ,\ • 
>™ - — „ . j 

When the first test sits was chosen,' it was felt (based on experiences 

from the Swedish Ljungatrom field) that the tar sand deposit should he 

covered by at least 25 ft of overburden (soil* limestone, Bhale etc-) in 

order to ensure a gas-tight seal* bver the' gyrolyzed &rfcai' This condition 

was m£t at the chosen location, whfcre the average overhiirdGia thiclmeas 

was about 55 ft (mainly shale) and the average tar sand layer , thickness 

was about 45 ft. The tar content of this layer was between 6 end 12 j£ by 

weight. The tar sand also contained some streaks of ? clsy. Core analyses 

are included in the test descriptions in the Appendix*' -The testa L2, 21* 

22 5 3? 31 1 4* 4A ? 41 j 42, 5» 51, 52 ♦ .100, Ibl* 102, : ahd 105 were located ■ 

in thi3 area. !,•*., - : " . 1 

The second teat site was chosen in order to study. th£ possibilities of the 4 
utilisation of tar sand deposits wi^oiit overburden i. lie i's'-'if .the leakage 
of products through the surface c'otdd be kepV^ 

Here the tar sand was covered by ohiy'7 ViO ft '6f\soii<*- Above 45 the 
tar aand was fairly uniform containing -B to 15 $ by weight of tar. Below 
thi3 level the tar Band was lean and . less tmiformi^C^^i ":'l.V 

. Burner an d gas w ells /• .~\~v\' ■ ' - 
: < - \^-^S^r ; . v ^^: 

Most of the burner wells were drilled.. with 4 t 3/A]p^^ rock bits to various 
depths between 40 and 35 ft. Burner caaihga iii;* SoWfc testia consisted of stan- 
dard 2^-- inch pipe (of carbon steel or ci^omiTM-Slloy steel)* closed at its 
lower end and with its upper end extending f-trkboy^; the ground in moat 
cases. - * * * y - - \ _ : . 

The gas wells were of two kinds: concentric welis :' around the burner casings, 
and separate wells drilled* some distance -from the turner well* 1 In a concent- 
ric well, a larger ga3 casing (usually 4-ihch pipe) vraa set around the bur- 
ner caaing. This gas casing penetrated a few feet into tKe "tar sand layer . • 
and the fluids were thu3 produced* through the anmiiua between the casihga * 
The gaa well casing was cemented against the rock;above its open* lower end* 
Above the cement the annulus was filled with. siahd;" The tipper end of the gas. - 
well casing was sealed against the extending iancLbf the bttrner well casing 
(by welding or a bushing type.: connection) and had a side* outlet through 
which the produced fluids were withdrawn. These fluids Were conducted through 
production lines to condensing and separating 1 equipment i- / * . ' 

The aeparate gas wells were drilled through the tar aand; interval with a 

3 3/4- inch bit. The caaings extended to -the top of the jfcad: sand in" some wells 

and in others a alotted casing was run" to the bbttoiafcf - the well* ' 

Burners 



The original burner, named Type kj consisted* of "k idarfow pipe of Varying 
length for the supply of fuel-air mixture, a cbnic^ : fehlaf gement which acted 
aa a f landholder, and' a 1 inch (ihladmei of the \ Si&iier te&ts 3/4-dhch) burner 
tube, of a length varying in different'- testa" fr6A-5 tb ; 35 ft- Tha func-tien of 
the burner tube was to conduct the hot 'combustion gases to the bottom of the 



. I ■ 

casing, bofoi'e they flowed upwards throngh the aniiulua space between the 
supply' tube aad the casing, ; to the surface; 'The supply tubs was designed 
so that the gas velocity irould be high enough to prevent "flashback" into 
the fuel gas supply, * ■ ■ "j " • 

This' and other burner types are described on Figs;" L2-10G, 101 and 102. 

The next burner tested, Typo B, had a small jet, inserted between the supp- 
ly tube and the cons* designed to recirculate a certdin amount of exhaust 
gas for better heat distribution along the burnet. The Jet could be .adjust- 
ed to provide the. desired exhaust, gas .recirculation fate i'" 

The Type C-burner had a thermal shield ( "hood" ) , : .Consisting of a concentric 
steel tuba, placed around the Sons and the upper pari of th? burner tuhe^ 
with the purpose of shielding the burner well casing ■ from part of the heat, 
radiated from the hottest part of ;tM burner / :: ih^ : ;TypQ D-burnsr had two such 
concentric shields of different lehgthsi , J j>*?V;?f.' r 

The Type E-burner had b> thermal shield called a I'bbmbiried hood and burner . 
tube", considerably longer than ike burner tube*" 

All burners with hoods were built "with jets for. eidiiaiist gas recirculation. 

• ' : ' ' • & . 
In order to extend the iength of * the heated ihteivaL in aerie tests, a Type 
B~burner- was moved up and down in , the well «it r eigular . time intervals. 

Later a new burner type was developed, consisting ^pf -6 type-A burner- mth a 
fluidized bed of sand in the annultis 'between the -biirher tube and the casing. 
The fluid sand bed was intended to act as a heat transfer medium, distribut- 
ing the heat uniformly along the casing* Sahd£ of ; different origins and com- 
positions, with grain sizes ranging from 6 to jtip ii^sh were tested, in the' 
test descriptions the amounts of sand 'used tee'^^OT/as- the heigtha of the 
sand bed, when resting on the bottom , of . the 6mpty burner, casing. 

. *-> •\-t-i'-*^i'''-'i ■ ' ' 

Fuel and air supply . - —^fife 

Commercial propane was used as fuel 'iji'aiiV^sts'^^icept in one test, where 
a burner was run with produced gas from'; a 'leven^btarher ' test. It was found 




During most of the single-burner and aeven^faufnSr -testa (all except L72,. 8, 
8A, 105-119) air and propane were mixed in a Lin&^ with 
proportioning gates for both gases •* • V.'.^ 



The amounts of propane and air to ;teSts L1Q5 thrdiigh L1 19 were controlled in- 
dividually with needle valves* : . ; ;-^f>^:"-i, ,'. 

In order to maintain constant aii^fUel^ratiijs , tha'proi^e pressure was kept 
the same as the air pressure- by a jprbpahe .pleasure regulator, which was con-s- 
trolled by the air pressure. Ho corrections were made for .Variations in air 
and propane temperatures (e.g. between .day .and riight) . " 

The air and propane flows were me&sui*&d with rotameters immediately before 
the mixing valve or the needle valves * % l - \ *.Y- — 



For^ the ; hundred-hole testa (L8 and L8A) and; the concurrent seven-hole test 
(i/J2) air and propane were eontrdilQd^and mixed in 'e'hjr' desired. proportions 
by a Honeywell -Brown ratiocontro'ller i . The gas ■ flows ;.wer.d measured with ori- 
fices; ; -:?*.> * - \ . i|f !■/ * i"v - ^ ^ f - * r -" " 

In all teats a stoichiometric ratiti 'Wt^een 5 air /^ld : j>rojjahe ' (24 to 1) was 
maintained as closely as possible •* "Is a check Orsat analyses of the exhaust 
gas ware made from time to time* The' deviations from ideal conditions calcu- 
lated from the Og-content of the exhaust gas, were only occasionally more 
than 2 

Seat inputs ..»'■;■'■ 

The amount of fuel, supplied to any burner, during a teat or a certain part of 
.^J a test was kept as constant as possible * Different tests were run with heat 

inputs, varying from 15,000 to 25,000 BTU/burner-hour ; As it 'was found that 
the optimum input to a certain hurher was ^elaied to ; the length of the burner 
tube, also the input divided by this length-. (BTtf/hr r f ft burner' tube) is given 
in most of the tost tables in this report, !^e;kccuracy of the given input 
figures i3 estimated to be within + 5 % rp^- : - 

" ! . • 

It should be noted that all heat input figufes^are^ calculated from the gross 
heat value of the supplied propane (2509 BTU/ st ' euft) .V No correction has been 
made for the heat content of the outgoing exhaust gas; The temperature of the 
exhaust gases whan leaving the casing was measured oniy in a few cases, but 
was probably between 150 and 3GG°F in most of the; tests. In addition to that, 
heat is also lost via the exhaust gas to the ov£rl\u*deh ; : 



Temparature measurements 

■ ! -i 

i • The temperatures in the formation were 'measured with thermometers, mounted in 

holders, made of 1-ft long* concentric pieces of 1/4-inch and i^inch steel 
pxpe. The holder, being attached to a thin steel wire* running over u calib- 
rated depthmeasuring wheel to a reel* could be lowered to any desired depth 
in the formation, inside the casing of the temperature well* In order to at- 
) tain temperature equilibrium with the surrounding formation, the holder with 

™ e thermometer was left at the desired level for at least 2 hours. The high 
thermal lag of the .thermometer holder ensured accurate readings after the hol- 
der had been' brought ud to the surface. , . 

■^J ' Temperature wolls were located at different distances from the burner wells. 

Construction materials •. 

The high temperatures encountered in some parts 6f : the underground equipment, 
made it necessary to use heat-resistant . construction' : material . In the aingle- 
burner testa, the emphasis waa " put; Snathe different parts of the burner. The 
following materials were - - - - • •■■«— ----- - • 

In the supply pipe ; carbon 
" " cone ; 25/20 

25/12 _ 

25/O stainless steel ^''Pernoa:"} (cast)} 
"nd an aluminumiiroh-uiidy'i ? i' i ^thal ,I f (cast)} 
burner tube; 18/8 stainless steel i; 25/2d''3tainles3 steel, 
( 25/12 stainless steel and ^carbon steel 

(lower end of burner tube' oniy); 



It waa found necessary to "test cot only carbon steel casings, but ulao the 
following stsal alloys: 

25/12 etalnlees steel (cast,". "Thermalioy " ) ' •' 
9. % Cr, 1 jfi-lfo, 0.^5 j$ Si. - •' / ■>■:/' i • •? 
2.5 Gr, 1 Jg Mo, 



5 % Cr, 6.5 «5 Mo, 1,5 ^ 'Si / . 



"i Si 



RESULTS OF THE. TESTS ' ' 



Burner efficiency V.^< 1 ■*" ^'-i.'jV:;-- '.v.*.'- 

A suitable burner should gupplj the same amount of heat to the formation 
irom each unit of its entire 'length* ^reb^^stablishlhg-^ tihiform tempe- 
rature along the burner casing, assumiiig v : tMt * the* s *tatf;s£nd isyer is. homo- 
. genoua." An uneven distribution of heat rSe&iltiri# r ih ideal -temperature 
peaks at the casing is undesirable i in ' every; i-teat'{-' wh£re : the casing failed, 
this was due to an uneven heat -dis tributidh fi v feM& ; ' - ; 

• : • : ■ / . 

In order -to rank the different burners tested ^MMlbwing "characteriza- 
tion numbers" were used where .the term "temperatd^e H 'denotes the increase 
above the ambient temperature : /. , .f . . 

j : ' • 

1 * T Avg/\ax* The average temperature along the burner tub£ divided 
by the maximum temperature* is called the burns* efficiency. The 
average temperature is a measure of the total' heat trahsf erred to 
the casing and if it is equal to the mtodinaih temperature, then the 
rate of heat .transfer is uniform 'along the Sntir4 burner tube and 
the efficiency is tOO j£* v 0L: : / W ifi . £ * 

2 * L ao; Th± a is the length of the interval which; is heated to, or 
above, a temperature equaled Q6 j5 of tfi&'&iM^ 'temperature • 

3- ^50* is the length of the interval heat to kt least 50 % of 
the maximum temperature, : 1 . ; ; : 1 ' 

4- Leo" L 50 # 1119 <*ifference in these two lengths is a measure of the 
. amount of heat being transferred ohtsidS the desired interval; If 

L 80" L 50 is 2ero the temperature ciirvb would have a rectangular 
shape and very little or^o heat wotild be ^aiaferted above the 
desired interval/ O ^ : ■ *• ■:. 

Results j 

For the results and conclusions, obtained iii the * individual tests, reference 
is made to the detailed descriptions in iU Appendix.; .The chronological order 
01 the tests 13 3hown on Pig. LO-800; : . V , .<\ 



\ ■ 



Group 1 . Short-.tima teats with single burners .without .sand - 
The burners of each kind, showing ; th^/ ; highei't'Wfidiehdie^, .'weres 



Test 
Ho. 


Burner 
Type 


Eurner 
tube 

length, ft 
(fr. cone 
to bottom) 


■ Beat 
input ; 
BTU/hr . 


Exhaust 

gaa . ' \ 
recirc • 

i . 


Effic 
:T Avg. 




L ao 
ft 


L22-1 


A 


25# • v-.i 


22 i 500 




32.;. 




3- 


L22-2 ! 


B (jet) 




.,.22 j 500 ' 


15.';.; - 


32 


\ 


3 


- L22-7 


C(jet+1 hood) 




^2i500 




•37 • 


\ 


' 3 


L22-8 - 


D(jat+2 hoods) 




#ij5Q0'". 








4 


L22-17 


E( jet+long 


.21 . ' 


20*600 . 


• 2$ 


47 




■A 


L22-18 


21 


35.000 


•,•15^:- 


49 ". 




'4 ' 


L22-19 


E 


Hi : 


'. 20,000 . 




56 




51 



Thus with eishaust gas recirculation and thermal 'ahielda ("hoods") -a alight 
improvement . in heat diai^ibution -.waei obtaihS&ir a^eVbetteri efficiency of the 
last-mentioned E-burher over the' bther : E-burri€*rs *was : .oLUc^ to its shorter 
length and did not signify an improvement -fram* the fcdint of view of heat 
distribution over a longer diatahcfe^ ': • " V ' V T '\'-\ 



Group II. Longtime teats with single burners ^th5irb ; aahd 



Test' 
No. 


Burner 


Burner tube 


_Heat ! ^ 
input - 
BTU/hx;, 


• Heat distribution data 


Type 


Mam, 
inch 


Length 
ft 




.^Av# ' 


1,^80. w 


L 80- L 50 
ft. 


L2 


A 


3/4 


26.5 


■ 30*000 ; 


425 . 


: 29": 


•4*5 ! 


3*5 


L3 


it 


ti 




■ "'. *» ; 


565":.: 


•'39;.? 


! 6.5 


.4-5 


L6 


ii 


Ji 


17 


.2.5*000 " 


490.. 


"35" : 


'3>5 ' 


3 


U 


it 


1 


27.5 


40^000 


480 






.. 4-5 


i»5 


ii 


tt 


II 


. - 11 4^^? 








,-;4 . 


L6 


B 


3/4 


17 


25»o6d;: 


480 vv 






. 2 ■ 


L4 


ii 


1 


.27.5 


30,000'; 






,. 


•11 . 


L101 


ii 


ii 


20 






PS 




23 . 


L5 


. C 


it 


27*5 








7.'*' 


.9*5 


L4A' 


E 


Tt . 


II 


34*000 S 






> 5 , 


.6 


Lo1 


It 


II 


21 


20 i 000 ' 


6eq-i 


^2|;; 


•3*5 


: 5*5 



In contrast to the short-time testa the above testa "showed that the tyne B 
and C burners -gave the highest' efficiency .and the longest L 8n heated inter- 
vals while the typer E burner did hot" Shot* any' ^improvement, over the tyte & 
burnei". '. ". . ,., • .y." — 



with 
Also 



^£2aiLJS.j_ ^m-^ ner teat s with 'burners' without sand . 

Burners with hoods were placed in the canter arid .in' the si* corners of a 
hexagonal pattern with 4-ft aidea'.'lDuring- the first .29 days of operation, 
5/4-ineh. diameter burners were Used with up' to exhaust gas recircula- 
tion. These burners were found tovAe leas stable. >ih v^bpefatioh than the U 
inch burners used during the heiH ?8 :days..flb^v^r.'i i, re#eated failures in 
burner consa and casings occurred due to the high local 'temperatures th*t 
W were reached towards, the end of the test. In multiburher Wts' such us the- 

se, the casing and formation temperatures are higher than they would be in 
single burner teats' under the seme; conditions' , The . higher temperatures are 
caused by interference between Wells, i.e. several burners are heating an 
area which would otherwise be heated by only one; ! ':'-'".' 

In another seven-hole test with the seme-' wel^j&ttern&l ^inch burners 
exhaust gaa recirculation but without hoods Were' 'Wed upland down. Aiau 
nere the casings started to burn off af*er about 60 days ''-heating, while 
the burners operated without failures Up to about 'I40 days'* Although th« 
burners were moved over an interval of .30 feet, temperature Measurements 
in the formation, shortly before thV'test was f ihlshed ^showed a good heat ' 
distribution over an interval of ohly,.about/20 fe'M&[\;vi::'< 

= •""' "•'• ; ;J^' '■'i3'- t '- "• 

' • gr° u P IV. 100-burner an d- 48-burnar test^wlth ''^EwMoUt sand . 

A larger-scale test, consisting of 10* i^M^ersMU Id burners in 
, each row, was run between July 1956 aM^May^f Tne' burhers were arranged 
}? L^^^nT^ l7i - B - fP0i-8Pa6in^lEh4-Mat input varied between . . 
. ■ 17 f 000 and 20,000 BTU/b-hr- and the^burnefs'-we^e^^'u^eM dowii in the 

^S/I^ 4 ^ G ^^^..o^ ^h^^ i0Mi'M^ during- the "first 

• part of the test only. Most of .the" casings failed^', spite .of. the fact that , 

fiSfr 616 !°S UP ^ dQwn ' ^ te ^ wa^cMfchued On a liinited sea- 
el f^^""*,? 5 da73 * Burner casings- of Afferent' Materials were test- 
ed in 48 of the wells with moving, burners wa^6ut;=iaiidl8^;;w6ll as aandburnera. 

The resulta showed that the requirement on heat^esistaiit materials for bur- 
^are leas severe with sand burners -than, with burners- without sand, 
burners ^ ^ plain cs *»™^ casings, jcould be used with sand 

wpt^r^ 0 ^ ea 4u * in S the las|;part of tht test, when sand burners 
J?™ + ^ 8d i Sh °! ed a sraat ^Provement in heat distribution over those of the 
iirst-test period. of .; ■ -^r-^-M. \->-h '■ 

' 'h ' >k;>£-- ,,r?- ! : ; '^tS^ii"" ; ; . '.;-j : . ' . 
! ':>;■■•"--"•■ •••••• 




Group V. Single-burner tests ivith'sand 'burners ' '* ^ .\-\. ^ 

A number of testa vn.th.5 to 35'* f t- # idriff; ' aand^uriieta |wera :! run in order^ to 
establish En epproximai 
her type. 

A summary of the results la giverf ln>TatiLe ; ; Lb-7Q0 v?1' v^^--*/ ; 

The testa showed that the following"- f actor s"af f ect : the' heat 'diatrihution: 
1* Sand size. * . ,v .'; . .-; * 

2* Heat input. *' ■'■ ' .-' ■ • ".. 4 V? '{'^ *!J, : 

3* Amount of sand, - 

4. Length of burner. • < ' : " ' 'f- - 

Heated intervals L so in? the range of '30 to . 34 feet'fcere obtained with a 20 
ft burner tube at heat inputs from 22*500 to 3O»006 ";BTtJ/hr ahd with a 25 ft 
burner tube at heat inputs from 25*000 ;to .^^OOp 5 BTtl/hri Sand levels were 
in the range of 6 to 10 feet. 




The temperature curves oh 'Fig. LO'^Ol; liliisl^iite fjfitii :im^aVeiueiit of the heat- 
ed interval Lo n from a type A burner to:-a' lahd 'M^er^!];^ -i ; 
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0±X and g ag "jEyq&fcjjiofl 



The permeability of the tar 'sand '^eihg;l^ towards 
separate gas wells was reatrictedL-^3®§^ were used*. 
Pressures of up. to 6 psig built lug^^ow <W ' . 
vapors reaching the gas wells 4'fViMst^ how- 
ever 3 with temperature and in the Siuitifcui& higher average 
formation temperatures had been reached,' 1 a; flow of\vapGra probably took 
place between different parts of the teat formation, i .- 



The 



different types of gas wll" completions ; Md; not" shc^'fuoy significant 
differences in performance even though^ the :,l graYei«Sacked ,r gaa wells in the 
first seven hole tests showed a slightly smaller .oil; production and higher 
gas production than' the "open" weUa;didV^In^ the ^OG^;&hd 48 -burner testa 
where a total of 37"* bbis of oii'^watfif ' ' 
were used. • 1 




Some difficulties were Diet in ja^oidih*^ Cells' and pro- 
duct lines by tar, produced during the^f^ Also the 
contamination of the produced oil with^^Sia^ -* oit femuisions, 
which were hard to break; For theiaigger-M 

working* at 150°F and with additioh : ,6f ^ with 
satisfactory 



Some samples of the. prod\iced-oii^| 
was made. The oil was aroa 
sulfur i Complete analyses 

Analyses of samples of the produe^d/.g^a siL6wS<i s j -5;* i^trf g^^U"^ 0?"^ *' 

CO2 

. Olefins 
/ Paraffins 
Net heat value 800 - 1QGQ/BTTT; 

Complete analyses are found in:„iid;'.ApS^hdia:v • ^S^:. ^- • 

" ' .*« *■ ' ' 7l * ^ * ' "; - ' : * '• ' ' 
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TECHNICAL SERVICE DEPT. REPORT No.: 56-H-25 

Subjed SAmk CRUZ DI STILLATE ^ Hay 21, 1956 

y M - Westfall J. R. Hartwig 

lo - • ~ -• ... From: 

SYNOPSIS ' } 

Analysis of the various cuts obtained from a precise fractionation of a sample of 
Santa Cruz distillate indicates that this material is an unstable mixture of complex 
olefins, eye loparaf fins, cyclo-olefins, terpenes, sesquiterpenes and high boiling 
aromatics. The analysis does not indicate the presence of' significant amounts of 
conroercially valuable chemicals such as benzene or toluene. This material would not 
be a suitable charge stock for a chemical plant for the recovery of such chemicals. 
Catalytic desulfurization and reforming of this stock would probably be beneficial. 
However, the extent of this improvement is not known and further laboratory work 
along these lines is recommended only if the process seems commercially feasible. 

INTRODUCTION 

On March 15, 1956, M. R. Westfall requested that the Technical Service Department 
I 7 1 4.£- Pr ! , r ia:LOn fractionat i°n on samples of Santa Cruz distillate, the first sample 
of this distillate was received on March 20 and a second on April 2. Our usual Hempi4 
analysis of these samples were reported in reports 56-S-4 and 56-S-8. The precise 
fractionation of the Santa Cruz distillates could not be performed until how because 
* ti&a to order the special equipment required for this type of distillation. 

PURPOSE 

The purpose of this work is to determine if Santa Cruz distillate would be a 
mitable feed stock for a chemical plant producing aromatics such as benzene, xylene, 
toluene, napthalene, or any other chemicals of commercial value. 

METHOD 

* > 'r c T ?" ^soline, naphtha, K.D. and L.G.O. cuts of the atmospheric Hemprt distillation 
aa m™* distinate number LA7 were combined for the charge for a precise 

distillation. This distillation was performed in a precise fractionation assembly 
purchased from the Todd Scientific Co 0 A 25 mm. I.D. column with a 90 cm. packed 
length was used This column has U theoretical plate at total reflux. A reflux 

It^LZ i*^^' Cut3 ™ n taken at 0ne > fi ™> or ten ° C - Cerements 

throughout the distillation. These cuts were analyzed by refractive index, , specific 
gravity and also by means of published correlations relating to molecular weight and 
ring content of hydrocarbon mixtures. 

RESULTS 



In TABLE I the results of the precision fractionation are shown. These data are 
also shown aa curves on Figures 1, 2 and 3. 
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— -fca . 1 U 625C 

* Startup sample after overnight shutdown*' 

n ^ e .?^ S . USed for th ° ahov * distll l at i°n amount to 74.4 percent of the total Santa 
Cruz distillate sample number U7. Theoe cutsweris obtained from the diailllatioii 
reported in 56-3-8. 
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DISCUSSION 

The first six cuts of the distillation were water-white, the remaining cuts- were all 
vted a reddish color. After standing overnight ail cuts turned a deep red to purple 
or and cuts 10 through 34 had a gum form on the bottom of the sample bottles. This 
evidence, as veil as the analysis of the cuts presented in TABLE I and Figures 1, 2, and 
3, indicates the unstable and unsaturate nature of the Santa Cruz distillate. The data^ 
on Figure 3 indicate that this distillate ia composed primarily of normal and iso-olefins> 
cyclohexanes, cyclohexenes and terpenes. Also, in view of the method used to recover this ! 
distillate at Santa Cruz, a considerable quantity of oxygen and nitrogen hydrocarbon deri- ; 
vatives may be expected. These compounds also contribute to the discoloration and j: 
unstableness of this distillate. 

In Figure 1, the plot of boiling point versus percent distilled indicates the complexity 
6f this material and the absence of any large cut boiling ifl a narrow range, The-re is a 
slirht indication of plateaus at 220°C*, 255°Ci and 270°C boiling lipoints. However, I know 
of no hydrocarbons boiling in these ranges that have commercial value. Furthermore j the 
nercent of the total crude in these ranges is tbb small for commercial production. Also 

icwn on Figure 1 is a plot of refractive index versus percent distilled. Thie refractive 
indices shown are for each cut boiling within the ranges indicated.. J 

On Figure 2 a plot of refractive index versus boiling point is shown * Literature 
data for various types of pure hydrocarbons are also shown on this curve. This curve 
again indicates that the Santa Cruz distillate is a complex mixture. Small amounts of 
benzene and toluene may be present. For instance, the ILI* - Boiling Point plateaus tend 
toward a peak in the boiling range for benzene and also for toluene. However, these peaks \ 

are sliaht and the percentage of pure benzene and toluene would b4 very low, \ 

■ \ 

The stability of this distillate would no doubt be improved by catalytic hydrogenation j 

desulfurization treatment. This would remove the sulfur, nitrogen, and oxygen compounds j 

I hydrogenate the unsaturates. After this treatment catalytic reforming could be used to \ 

increase the aromatic content. However, these treatments would be costly and it is doubt- \ 

ful that the beneficial affects of these treatments would produce a charge stock for a chemi- * \ 
cal plant which would yield enough products such as benzene or toiuene to be profitable. 

_,NCUJSIONS 

1. The Santa Cruz distillate is a complex mixture of olefins, cycloparaffins, cyclo- j; 
olefins, terpenee, and high boiling aromatic compounds* 

~" 2* The distillate is very unstable due to the unsaturation and the presence of nitro- 
gen, oxygen, and sulfur compounds.. 

3* The distillate does not contain appreciable amounts of any one compound and attempt a \ 
to extract a particular compound would give very low yields, j 

4« This analysis indicates that the distillate is unsuitable as a feed stock for a 
chemical plant. Catalytic desulfurization and reforming would beneficiate this distillate 
but the economics- of this treatment should be studied carefully before considering a commercial 
venture . 

RECOHMEIIDATIQN 

i 

t 

Further laboratory work on Santa Cruz distillate may be desirable to investigate the \ 
>ct of desulfurization on this stock. Therefore, I recommend that we run a sample of 




this distillate through our laboratory pilot plant desulf urizer at the first convenient 
-oportunity if the process for extracting this material from the tar sand at Santa Cruz 
roves economically feasible. 



APPROVED :. 
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Unders3kning aV tj&raand 
frAn £ 

Santa Cruz» Calif ornien. 



Ett.mindre proy ir tjarsand fr&n Sant£ Cruz, Calif oxnien, akifckajlea till 
SSAB for att bar skull e underaBkaa, oi LIHS-metoddn fcan proves i detta t^ftr- 
sandsomr&de « f 

TjSrsandaprovet beBtod av sandkorn omgivna av M tjara*, eom hade en koraig 
men fast och ganaka h&rd struktxur* Prdvet liknadfe tj&raanden frin Alberta, 
Canada, men d& det innehSll lagre halt; "t JSra" fin Csaada-eanden, var f &?g*n 
ljusare, ungefSr gr&avart, ooh aanden-var ej plaatiak utan betydligt h4rdar 
Tid -uppvamming bier dook tjiirsanden M mjuk, att dan kuiida formas mad han- 
den; % 



Bfedan angiraa analyadata utom fukthalt* ooh vo^«w 
p& torrt ptov. For j&nfarelae mad t^Siaanden ff&n 
serj aom utforta vid SSAB, medtagita. " 



kr tj&rsand 
Alberta hair eri. 



fiLr angivna 
del &na,iy- 



Fukthalt, yikta-# 
Tolyntrikt, g/cm^ ^ 
Extraktion med 4ri^vik"t3-j6 "tjfira" ^ 
Specif ik vikt av . extraherad sand, g/ci!^ 
Siktanalys av exfcxaherad aand, vikta-jS 
Storlek, . mm ' ? 



>2 

0,75 .- 2 
0,5 ^0,75; 
0,25 - 0,5 
o>25 - Q f75 

0,125 - 0,2^ 
< 0,125 



Poroaitat, beraknad volym-^ 1; 
ai3dgningaf 5rluat ; ay tjStraand, vilrtB^ 
C-total, vikts-# • 
C-karbonat, vikta-?t 
H, vikta-# 

S, vikta-# ? 
Varmev&rda, kal. t kcal/kg 



A 



Santa Cxuz Alb«rta 



6*45 
1,88 

2,15 



2*2' 



41 #0 
54,a 

100,0 
0 

16,43 
4 g,og 

1>36 
0*89; 
iv28Q 



1*5 
.1,90 
18*1 

2*44 



3,0 
0,9 
1,0 
13,5 
(U,5) 
70*6 
1U6 
106*0 

0,6 

ij.9 

1*7 
0,9 
1.700 
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n 
it 
it 



Fischer-pyrolys Santa Cruz Alberta 

, Pyrolyavatten, vikts-?£ 0,7 0,4 

. 01 ja, vikts-# 8 2 11,2 

v Gas, vikts-#, Nl/kg inora parentes • 1,3 (13,5) 1»3 (Hi 

'■ Koks } ' ' 89,8 67,1 

•,. 100,0 100,0 

Utbyte i <$, av "tjara" ; 63 (0 62,0 

Staiidardpyrolys » 

3,9.0 kg t jarsand pyxolyserades p& vanligt satt till 535° 'under 11 tlm, 

Nadanstaende produktar, omraknade till ftorr tjarsaixd, erholls: 

Pyroiysvatten, 5,4 ml/kg [ ' ' .- 0,6 vikt a-# 

Oiji • 80,4 M 7/2 

Gaa.V 15,2 Hi/kg 1>4 

Koka'. 908 g/kg . ; 90t 8 

J;; r ioo.o, 

. Utbyjte i jS av tjara . | - \ ' 55»4 

" . " f° " olja enl.. Fischer f .87, 9 

H grund av att temperatnrinatruinenta^ ej fizngerade Ullfredsa-ballande, 
iunde en jamn temperatuxategrlng ej efhallas. Likaaa maste fBrsSket av- 

' rZlti 3 Zii 53 l * T f m P arat *r«a ocb. pyrolyaprodukiiohen aom ftinkticm av 

pyrolystiden f ramgar av diagram 1 „ ' + 

Pyrolyavatten i; 

Ammoniak, g/l r — • ^ ^ 

Fenol, g/l • f 0 | 48 

Specifik vikt, d|° I 1s03j • 

Speeo vikt, d 4 u 0f g 95 

Brytningsindex, - 1 501 

Pour point, °C • , _ 1Q 

Tiskositet vid +20° C, cSt 7 9 

+50° C, « 3 ] 6 

. 56 •' 
84»4 

, 11,7 

H/G, atom/atom j ^ 



Bromtal 
H, rikts-?£ 



S, Tikts-^ 
TJinaevarde, kal,, kcal/kg 



2,46 
10 Q 220 



Oljana specifika vikt och brytningaindex eom funktion ay oljem&ngden i ml/kg j 
framg&r av diagram 5» 

ASTM-destillationen av tbtaloljan framg&r av diagram 4» 



Gas 




E^Sf vol a -?S 


1.0 


co 2 


1,0 


CO . 


0,4 


H 2 


22,4 


*2 


13,7 


C n H 2n 


6,71 


G n H 2a+2 


54,8l 
100,0 



61^5 



Kolvatena utgjordes av: 



CH 4? vol* -J6 


37,6. 


C 2 H 4 


2,2 


C 2 H 6 


9,1 


C 3 H 6 


• 2,8| 


°3 H 8 


4,0 




0,4 


^4 ^" VT ^-^ a 




V' 


2,6 




61,5 



■ \ • 

10,0 vol,-?6 gasol 



Yarmevarde, kalo, (ber&knat) kcal/Nm' 9-710 
Speco vikt, g/Nl 0,954 

Gaaens sammanaM.ttning under fSrsBkat i vol.-jt aom fxmJrkion av gaamangdon 
i Hi/kg visas i diagram 2. 

Koka 

C-totalt t vikta-jS 4,25 
C-karbonat, vikts-$ 0,06 
H, vikts-/o 0,23 
S, vikts-# 0,36 
GlMgningsforlust, vikts-jS 5,04 
Varmev&rde, kal, f koal/kg 310 
Sintringstemperatur, °C > 1«000 

Kokaen var hfird och porBa och $ klibbig utom an mindre del i retortena 
botten 0 



Ingaende kcal u 28 Q 

Utgieada . fccal 

, 720 S olja "• 
15,2 Kl gas 
908 g koka 



Oredovigat 



*H*-frtelaim rid wro^ 1 ^ tt L» 



■ I 

| 740 
f 150 
3: 280 
&170 
I 110 
A.28Q 

r 



ir 



PyrolyaTattea 

* ■ 

iOtSdoviaat 



Svavel 
tJtgaenda 


Tats 
tTtgaende 

... 


|; Eol ' 
*|tgaeride 










.0,6 


i 






1 60 »7 




'••;2,5 


I 5,1 


'• •• 




1 38,5 


' ••• li-f •' 


•0,0 


L 0,0 









- t 







j Aa± 2,t 






. H 




0,6 











<t,t 

0* 



u^e?Sw^^8 %^f cWiiknar tjarsanden frai Alberta ■■ 
"magrare" men gar dock 53X*m?2^ saaden f rja SanteCxifc ftr ju batjrdli^k V 
'tei ; av tdarsamdsJyJSXatSr^^ 

da 8 &tt, aatom tatr&flanda at^^^^S^?^? W •^ d 25\ ] ^ ol^a&a • ak « ** 

cirka 460 0 , ooh att ^Wldn^shaati^aten apptxAr maximum Via -J 

pyxolyaan lire £ s^ecS^S™ J'*^ ^ ^ " 
^ndoalighafLra^ & ir , 

Detta kanaka *erodde pa fS5aX J^** ""J * ltttet W******* . • 

del "tJara". Tid elu*^«S^!~? *; 3&>8Mxd * «^rah rar laaaa naaar in 
och da dan krackada' ollan har?l2£ ^lJ~t VT ?&'* A iildftat to*ofaHnff sk«r r 



- 5 - 



OljeuUytet i % av tjara var for Santa Cruz-provet 63 % och for Alberta- 
lll Mot f7 aran de gaautbyten var 10 respektive 7 Sammanlagda olje- 

och gasutbytena. blev salunda 75 respektive 69 jS, alltaa ingen atorre akill- 
ov-i^ v a »f^ den a f ™ellertld betydligt hogre an motavarande utbyten for 

1 6 on / P ker °e enhalte n. For Kvarntorpa-akifferri ar desaa varden 

S ,,V % f6r ° 1;ia ° ch cirka 18 - ' 1 9 3* for g&a, alltaa totalt cirka 
? 1 " 'll ? eima St0ra skilllia<1 mellan tjaraand och skiffer betraffande olje- 
och gasutbytea kan bero pa foljande: 



I. .jaran bildadea under en aenare tidsperiod (Krita- till Davon-perioden) 
an kerogenet (Kambrium-Silur-tiden) och utgorea kanaka av en petrolettmolje- 
rea.;, varfor dan ej ar si komplioerat uppbyggd aom kerbgenet. 

2o Wjarsandens vate-kol~forhallande ar hogre fin, skiff em's. 

3o Den ovan namnda extraktionen av pyrolyagaaero 

Beaaiahalten i oljan var i forhallandetill oljana apecifika vikt fSrvanande 

Stf l^l 3 aZ Skif f t T . hl H !° m bekaat olJ«tlqriit lagra lingsammare pyro- 
d£ ™ ? \fl re ^ltaten fran pyrolyaema enl. Fischer och "standardmetoden", 
JSlJT£l 8 SJ* n T i'5 reapektive 10 tim. till 5 00° synea, att detta Even * 
IS £4? tjaraand. 0m detta emellartid galler i samma utstrackning. aom 
^ h, ^ ar emellartid omojligt att saga 0 7id exempelvis en pyrolya in 
tv£i «,! ar ™ 3 T° y f i dSn Sr Un *' far troli S e * "eztraktionsYerkan" ator be- 
tid tl n l 1 »y cka *.^l k an tankas, att oljeutbytet vid en pyrolya- 

. lardpyroiys". ^ ' 3 M±r ttanmvart ***** ^ bvanstaende ^atan- 

gaL?byL 6 rfrL a I 3 S r?^rir 2 T N^r 8 Sr- °f S*«4«4«.- TO l y .. 3M okade 
viiv-t kIZ Iraa .i'»5 1:111 2 Hi/kg t jar aand vid den langre pyrolystiden, 
t±,£S ^ sre ^stammer med pyrolya av skiffer. Vid betydligt langre pyrolys- 
bHr trELS ^S^-PyroU". ^junker emellertid ga*xtbjt.i ater/Sta 
d tS S f 3S S all ande ^r tjarsand, sarskilt om <Let antages, att en 
Sl nttUt JJJ ? ° Ch f Utaa e ^Py rol y«raao Detta ar dystert med tanke 

Lf L ak^fSnS r 1 "^ L ^--toden ar onakvart,. att den okondenser- 
npS&fJXlaSi anT ^aa till brannarna och vara" tillracklig for 
*PPiattbAllande av pyrolyaan. Set fordras troligen cirka 175 kcal 2as for 

JrtaSr^r l¥ med L ^- me toden a fid -atSkirtpSSyS- o^an 

eraolls emellertid endaat 150 kcal gaa vid pyrolya av 1 kg. tjaraand! 

Narkea Kvarntorp den 17 februari 1955 „ 

/ v .. •' >/ ' r ' c **>'c ■ ' 

/<rro • O, zr . J if + 



yS /c? / ? c/ a r dp y /- 0 /f^/j? 




VSimataaaaportsNi i kospakt tjfirsand kr relativt l&ngsam* D& an vi:33 tampe- 
ratur (efnkrtng 3Q0° G) overskrid3S 9 intruder pyrolya, som gar upplvov till 
Qljefingcr och gaser 9 acm b&da l&anar pyrclyszonan, saint kok3 9 som kvaratan- 
nar i h&lighstsnsa aallan ssndkornsn. Potman av don aansaanh&igande kokakropp, 
som bilda®, ger allts& en p&taglig bild av hur v&rmet spritt aig omkring ett 
v-ILrmealaiaent « 

De bildade pyxclys&ngoma kondanaeras delvis I kali ere partier av t^&rsan- 
den. En del av tj&ran loaas i do kondanserade pyrolyaprodukterna. LBaningena 
viakosltat blir ls$re Sn t-jj&rane, ooh on viae stromning av olja-tj&rabland- 
ningsn kan v&rfcaa ska, exampslvis ned&t mot l&gre liggande lager ooh natur- 
ligtvis under f oruts&ttning att f ri pofcvolym f innea • Ivan ran t jMra kan na- 
turligtvia flyta frSn en son till en annan i aamma m&n som intfSngande vSr- 
me reducarar t^&rans viskositet* 

\ 

FiSr studier av vfaie- och materialroralaarna i tj&raanden g;Jordes 1952 ooh 
1953 ett antal modellforstik i laboratorieakala vid pyrolyalaboratoriet i 
Kvamtorp. For da mindra fBraokan anvfindea d&rvid ; tjaraand frin Athabasca, 
Canada* For visaa fors&c i storra skala &tgiok at6rre kvantiteter tj&reand 
&i vad som bakvBat kunda erh&llaa frSn Athabasca* M det i deaaa atorre f or- 
a«k ej var fr%an om kvantitativa eller kvslitativa atudiey av do erMllna 
produkteraa, ane&ga det full* tillfrodaatailande att for fSrafckan anv&nda 
on "ayntatiak" tjaraand» tillverkad genom intim blandning av fin kvartaaand 
med uppv&nad tj§ra i si n£ra samma egenekaper aom Athabasca- tjSr ana eom mSj- 
ligt. En jamforalsQ mallaa den genuina Athabaaca-tjarsahden och deu ayntetis- 
ka dito f innea i bifogade enalyatabell . Ca 60 ton av den ayntetiaka tj&raan- 
dan fylldea i en kvadratlsk lida mad en oa fyra metera aida och ca tvi meters 
djup och packadea tfitt i vanat tillatfind, Qvan tjSraanden packadea ca ett n 
meter tjockt lagar pinmao, avaett att motavara den a«k* overburden, aom fin- 
nea a^er naturliga tjfiraandflforekomater* I mitten av l&dan nadaattea aju a- 
laktriaka varmeelament, innealutna i 1-£-tuii2fl vertikala i&rnrSr ooh arrangers- 
da i form av en aexkant med 1,5 metera kantlajigd ooh med ett varmaolement i 
vaxja h5m ooh ett i centrum. Yidara upptoga tt ahtal m^tMl, i vilka pla- 
csradea termoalement, och ett antal provtcigningah&l for gaa- och oljefingor; 



Eoiicsnti'islrt oafccisig vt^rueolsnieritrorasi placeradea perf crerads gasror for ut- 
fllg.ppaijig pyrolysprodulrtOTiVa. HA larr augemB^ge t fraffigSr Even av bifogsd 
skis 3* 

YSEsaoelssiQn'fc&n rLakoppladss , och uppvtofflninsea fick ps5g& emkriogen TOe!sa 3 oj, 
i?£?fc bsdoades f att pyrolyoen hods fortskridit s& l&ngt» att en IStt eiudesbar 
och ^aL'orialfcrdGlning erh&llits i provlSdan* S3, anart lidan och d$sa 
imieh&ll svalaat tillr&ckligt sgroket for att en n&nnara undersSkniBg skulls 
kxmw, 8feo 3 uppgrBvfloa l&daos iimsMll forsikiiffb* Speciellt fceaktad.es. att 
ingen fisrlring av raatorialf ftcdelnlagen. mellen olika dslar av tj&rs&ndeii &efed~ 
knsaralta genera ojSlva utgEavningsacbetat-. Ett stort sntal prbver uttogs cch 
QB&lygeradea . Rasulte,t©a anges i bifogade tabeller* 



(Gosta Salomonsson) 



\ 



